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PBEFACE  TO  THE  SEVENTH  EDITION. 


AsoTHEn  edition  of  this  work  being  required,  I  take  the  opportunity 
of  returning  my  thanks  to  the  medical  profession  and  the  public  for 
their  continued  favor. 

A  recent  and  thorough  examination  of  it  enables  mc  to  say  that  I  be- 
lieve it  will  be  found  to  present  the  Science  of  Physiology  in  its  most 
modern  form. 

It  is  intended  to  give  an  exposition  of  the  Physiology  of  Man,  con- 
sidered as  on  individual,  and  may  be  looked  upon  in  that  respect  as  a 
work  complete  in  itsel£ 

But  man  is  also  a  member  of  society,  auJ,  as  has  been  remarked  in 
previous  editions.  History  is  in  truth  only  a  branch  of  Physiology. 
This  is  the  point  of  view  from  which  I  have  regarded  the  subject  in  ray 
"History  of  the  Intellectual  Development  of  Europe,"  a  work  which, 
taken  together  with  this,  is  Intended  as  a  treatise  on  the  entire  range  of 
human  relations,  individual  and  social. 

The  remarkable  favor  with  which  that  portion  of  the  work  has  also 
been  received,  both  in  America  and  Kurope,  several  editions,  transla- 
tioiw,  and  reprints  having  been  called  for  in  the  course  of  a  few  months, 
satisfies  me  that  tlio  views  here  indicated  meet  with  approval. 

For  the  cncouragemcat  so  shown  to  these  works  I  again  return  my 
i^inccre  thanks. 

.V<»  York,  186A. 
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Two 


aco  the  first  edition  of  thig  work 


was  publislic'l,  Sinco 
tl:&t  time  several  thousand  copies  have  been  disjxised  of;  it  lius  been  iii- 
trodnccd  as  a  text-book  in  many  of  our  medical  schools,  and  1ms  been 
l^cry  favorably  received  by  the  profession  and  the  public. 

I  have  t}icTcforc  felt  it  ncccssory  to  submit  it  to  a  careful  examination, 
for  the  purpose  of  removing  any  errors  it  may  contain,  and  improving  it 
ns  far  as  its  present  fonn  admits.  Tlio  revision  it  has  undergone  will,  I 
Iiopc,  make  it  worthy  of  the  continued  patronage  of  those  wlio  have  hith- 
erto shown  it  so  much  encouragement. 

In  these  corrections  I  liavc  availed  myself  of  many  of  tlio  suggestions 
made  in  various  reviews  of  the  original  work,  and  take  this  occasion  to 
express  my  thanks  for  the  consideration  shown  toward  it  botli  in  Amer- 
ica and  Europe.  No  one  knew  better  than  myself  how  numerous  were 
imperfections.    The  manner  in  which  they  liave  been  overlooked  has 

red  to  convince  me  that  those  who  were  judges  of  the  science,  and 
could  deal  authoritatively  witii  it,  were  disposed  to  encourage  any  nt- 
tctnpt  at  its  improvement,  even  though  that  attempt  was  mailed  by 
many  conspicuous  shortcomings. 

For  doubtless  they  saw  that  this  book  aimed  at  much  more  than  was 
directly  expressed  upon  its  pages.  To  treat  Ph^'siology  as  a  branch  of 
Pliysical  Science  ;  to  exclude  from  it  all  purely  speculative  doctrines  and 
ideas,  tlio  relics  of  a  philosophy  (if  such  it  can  bo  called)  which  flourislicd 
in  the  Middle  Ages,  though  now  fast  dying  out,  and  from  which  the  more 
advanced  subjects  of  liuman  knowledge,  such  as  Astronomy  and  Ciiem- 
istry,  have  long  ago  made  themselves  free — to  do  this,  amounts,  in  reality, 
to  a  reorganization  and  reconstruction:  a  task  of  extreme  dllBcullVt  and 
for  complete  success  demanding  the  conjoint  labors  of  many  philosophers 
and  many  physicians. 

At  the  beat,  therefore,  sucli  an  attempt,  embracing  tlic  whole  science, 
made  by  a  single  individual,  mnst  needs  Ixj  unsatisfactory,  if  any  thing 
like  a  rigorous  criticism  bo  appUcd.  And  yet  it  may  be  truly  said  that 
tiie  interest  of  the  medical  profession  at  the  present  lirnc  requires  that 
EQch  encouragement  as  this  work  lias  received  should  bo  extended  to 
every  ondortaking  of  the  kind.     I  hope  that  the  success  which  has  in 
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this  manner  atlendctl  my  labors  may  prove  an  cnconragemcnt  to  othors 
to  devote  themselves  with  hotter  results  to  a  similar  task. 

To  physicians  I  would  carncslly  address  myself,  iu  the  hope  of  ob- 
taining ihcir  continued  aid  and  hearty  patronage  for  every  such  attempt. 
I  would  ask  them  why  it  is  that  we  never  bear  of  empiricism  in  Natural 
Philosopliyi  Kngiueering,  Astronomy  ?  Is  it  not  because  the  principles 
upon  which  those  subjects  rest  have  ceased  to  be  speculative,  and  arc 
restricted  to  the  demonstrative,  the  experimental,  the  practical?  In 
Philosophy,  sects  only  arise  wlulc  principles  ore  uncertain  ;  in  5Icdicinc. 
the  quack  only  exists  because  there  is  a  doubt.  And  considering  the 
condition  to  whidi  the  medical  prot'easion  in  our  times  lias  come,  consid- 
ering its  decline  in  social  estimation,  and  its  shortcomings  even  in  its 
own  judgment — is  it  not  the  duty  of  every  physician  to  inquii-c  into  the 
causes  of  sucli  a  state  ? 

If  a  watch  is  (o  be  mended,  or  a  steam-engine  repaired,  do  wc  not  ap- 
ply the  principles  of  common  sense  to  the  ease  ?  Who  ever  heard  of  sects 
among  watchmakers,  or  quacks  among  enguiccrs?  If  we  will  ojdy  apply 
ourselves  in  a  riglit  spirit  to  its  study,  thcro  is  nothing  more  mysterious 
or  incomprehensible  in  a  living  organism  than  there  is  in  such  mcclianical 
contrivances.  Tlicre  is  nothing  in  the  structure  of  man  which  the  intel- 
lect of  man  can  not  understand.  It  is  this,  indeed,  which  constitutes  his 
cliief  glory,  and  makes  ]iim  a  worthy  representative  of  the  wisdom  and 
power  of  his  Crcalor. 

As  in  any  mechanical  contrivance,  so  in  ourselves,  imperfections  and 
disarrangements  can  only  be  repaired  by  a  knowledge  of  the  conslruction 
of  the  parts,  and  their  mamtcr  of  working.  The  practice  of  Medicine 
must  rest  on  an  exact  Anatomy  and  a  sound  I'hysiology.  As  soon  as 
it  is  brought  to  this,  empiricism  will  disap^xjar  of  itself;  it  will  need  no 
legal  enactments,  no  ethical  codes  for  Its  destruction.  And  for  this  rea- 
son, if  there  were  no  others,  it  is  the  bouudcu  duty  of  every  physician  to 
encourage  to  the  utmost  within  his  own  spliere  of  influence  every  attempt 
to  realize  such  a  state  of  things.  Tlic  encouragement  which  has  been 
given  to  this  book  I  regard  as  a  token  that  these  principles  ore  profound- 
ly recognized  by  the  medical  profession  of  our  country. 

To  students  of  Medicine  I  may  be  permitted,  on  this  occasion,  to  say 
a  few  words.  It  was  chiefly  with  the  hope  of  influencing  them,  and 
guiding  them  into  the  paths  of  sclcntilic  Pliysiology,  that  I  was  first  in- 
duced to  write  this  book.  I  would  Impress  on  them  the  importance  of 
cultivating  habits  of  thought  arising  from  the  exact  and  practical  sci- 
ences. A  great  revolution  is  iini>cnding  over  the  profession  to  which 
they  have  devoted  themselves.  If  they  design  lo  take  a  leading  posi- 
tion, not  merely  following  It  as  an  industrial  pursuit,  but  regarding  it  as 
one  of  the  most  dignified  and  noble  of  human  occupations,  they  must 
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prepare  themselves  in  a  manner  consUfent  with  the  nio<lc3  of  thought 
that  must  pre\*aii  in  the  times  now  fjuickl/  approaching.  It  may  be  too 
mach  for  us  to  expect  that  our  contein]>orarics,  who  have  been  educated 
in  the  ideas  of  the  past,  shoukl  unlearn  so  much  of  what  they  have  learn- 
ed, should  In  so  many  things  begin  their  studies  again ;  but  we  may  de- 
maud  a  right  preparation  from  tliose  wlio  are  only  now  commencing, 
Ta  offering  to  tliem  this  book»  I  do  not  present  an  untried  work.  It  is 
the  result  of  an  exj>cricncc  in  tcacliing  for  many  years,  an  attempt  to  set 
£arlh  in  plain  language  tfie  great  features  of  the  science,  aiid  to  give  in 
sufficient  detail  a  representation  of  the  present  state  of  Physiolog)'.  For 
the  purpose  of  facilitating  its  study,  I  have  di\*idcd  the  whole  subject 
into  two  branches,  Statical  and  Uynamical,  The  expediency  of  tiiis  has 
been  impressed  upon  my  attention  hy  the  necessity  of  conforming  the 
coarse  of  lectures  of  which  these  pages  are  an  abstract,  to  the  wants  of 
a  medical  class.  The  physician  ia  chieHy  concerned  witli  the  conditions 
of  life — tho  organic  functions,  as  digestion,  respiration,  accretion^  etc. 
The  doctrines  of  development  and  the  career  of  an  organic  fonn  arc  of 
less  pressing  interest ;  but  it  was  very  soon  found  that  other  advantages 
TCTo  derived  from  this  subdivision,  as  might  have  been  expected  from  its 
conformity  to  tlic  usages  of  writers  on  other  branches  of  Pliysical  Science. 

To  llic  general  reader  I  may  remark  that  1  have  endeavored  to  carry 
oat  in  the  ibllowing  pages  the  spirit  of  what  is  contained  in  the  preced- 
ing paragraphs.  I  have  devoted  more  tlmn  twenty  years  not  merely  to 
the  study,  but  also  to  the  experimental  determination  of  physiological 
(piestions,  of  which  only  a  summary  could  Jicre  be  offered.  It  was  not 
jK>5siblc  to  give  my  own  results  more  In  detail  In  a  formal  text-hook  on 
the  entire  science,  bat  it  may  not  perhaps  be  improper  here  to  say  that 
opiniona  sometimes  delivered  in  a  few  lines  have  cost  me  many  days,  or 
even  WTckfi,  of  expensive  and  laborious  experiment. 

Among  tho  contemporary  works  I  have  used  as  authorities  arc  Dr. 
Carpentered  dlficrcnt  treatises,  Todd  and  Bowman's  Physiological  Anat- 
omy, and  Kirke's  and  Pagct's  1  land-hook.  As  respects  monographs,  tlie 
langnago  of  the  autliors  themselves  has  been  employed  wherever  it  was 
possible  A  list  of  \vood-cuts  is  annexed,  in  which  reference  is  given  to 
the  sources  from  which  those  not  original  have  teen  derived.  In  tlio 
explanation  of  these  engravings  tlio  description  used  is  that  of  tho  ftu- 
tbora  themselves  in  most  cases,  and  it  is  incorporated  In  tlic  text,  as, 
for  instance,  in  Book  I.,  Chapter  XVII.,  in  which,  the  engravings  being 
from  the  \eurology  of  Leveill6  and  Hirschfield,  the  accompany- 
iriptions  arc  merely  translations  from  tlie  French ;  or,  again,  in 
Book  II,,  Chapter  VII..  in  I>r.  Prichard's  statements  of  tho  methods  ot 
examining  the  skulk  With  res]>cct  to  the  orifpnal  engravings,  it  will  be 
many  hare  hocn  obtained  by  tJie  aid  of  microscopic  photo^ 
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nphj,  the  process  having  been  so  far  improved  by  me  as  to  be  made  very 
available  for  these  uses.  For  several  of  the  specimens  from  which  pho- 
tographs have  been  taken  I  «m  indebted  to  Mr.  Abbott. 

In  this  work  I  have  therefore  endeavored  to  treat  of  man  according  to 
the  methods  accepted  in  Physical  Science,  but  still  of  man  as  an  individ- 
ual only.  Physiology,  however,  in  its  most  general  acceptation,  has  an- 
other department  connected  with  problems  of  the  highest  interest.  ]^Ian 
must  be  studied  not  merely  in  the  individual,  but  also  in  the  race. 
There  is  an  analogy  between  his  advance  from  infancy  through  child- 
hood, youth,  manhood,  to  old  age,  and  his  progress  through  the  stages  of 
dvilization.  In  the  whole  range  of  human  study  there  are  no  topics  of 
greater  importance,  or  more  profound,  than  those  dealt  with  in  this  sec- 
ond department  or  division.  It  is  abo  capable  of  being  treated  in  the 
same  spirit  and  upon  the  same  principles  as  the  first.  I  have  nearly 
completed  a  volume,  which  will  serve  as  a  companion  to  this,  in  which 
in  that  manner  the  subject  is  discussed,  and  the  laws  which  preside  over 
the  career  of  nations  established,  and  would  bespeak  for  it  the  considera- 
tion of  the  reader. 

John  W.  Deapei*. 

Umperniy,  iVew  York^  July  Isl,  1658. 
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CHAPTER  I. 

nmStionii  tifUp. — Xalvre  oRdSovrtet  t^ Sthttanrrx  gujipUotlQ  the  DoJif. — AttatutHiMUititirs 
rtymmt — TitlU  nf  Pht/xiotiMiinU  SttmdivdM.—Ainmnlt  da  not  create^  tut  trxmtj'ornt  SfAnan- 
ttMn—PrefKrHei  aud  QwiHlitirA  of  Maittr*  remrvd  by  ihr  .^yxtfn. — I^mprrtits  latd  Qfiantififm 
l^tkoM  it  rritara. — Hmt  t>f  the  fivdg  arva/rvm  Gufil/usthn,— G>o/i>ij  At/nv^i^:* in  an  Ai*- 
imat. — Stcetnig  of  liffifiirs  in  the  St/ntrtn, — P/ti/slail  Aiyteti  of  Man. —  77rf  Sou/. —  T!ie  Vital 
l*rimrifite. — ImportoHo:  iff' } 'htfsi'-al  Srirmx  to  S^ynotiyfjf. 

For  tlic  ranintenancc  of  the  life  of  man  thiYjo  diomicnl  conditions  tnufit 
l»c  complieJ  with.  He  must  be  fumislicd  with  air,  water,  aiid  combusti- 
ble matter. 

Under  the  same  conditions,  olao,  all  animals  exist.  Even  in  those 
whicJi  flccrn  to  furnish  us  witli  iustaiiccs  of  do|)arturc  from  this  Tlirwiwidi. 
general  rule,  the  exceptions  arc  ralhcr  apparent  tiian  reah  To  '^**"  of  lift. 
biesthc,  to  drink,  to  eat,  are  tiic  indispensable  rcquiditoa  of  life.  If  there 
be  amon^  injects  some  which  seem  never  to  take  water,  or  among  liahcs 
some  which  ne^'cr  taste  solid  fuod,  these  peculiarities  disappear  as  soon 
as  we  understand  them  properly.  Where  a  high  development  has  Ixxn 
attained,  as  in  man,  experience  assures  us  that  the  same  i^e^'itablc  result 
awaits  a  ocs.iation  of  respiration  for  a  few  moments,  nn  abstinence  from 
water  fur  a  ie^ff  hours,  or  from  food  for  a  few  days. 

The  supply  of  a  part  of  thesu  necessaries  of  life  is  adjusted  to  tlie  ui^ 
gency  of  the  want.  The  act  of  breathing  is  incapable  of  de-  sonrw  of  imp. 
lay,  but  the  air  is  accordingly  every  where  present,  and  al-  piy^f'"*!**"*!. 
vays  fit  for  use.  We  can  bear  with  thirst  for  a  little  time,  and  the  earth 
hcTP  and  there  furnishes  her  springs  and  other  stores  of  water.  But  far 
otherwise  is  it  in  the  obtaining  of  food.  It  la  the  lot  of  all  animals  io 
uouri^hment  by  labor,  and  even  of  men  the  larger  proportion,  botb 
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in  civilized  and  fiavoge  countries,  Bubmit  to  a  hard  destiny.  To  obtain 
their  daily  bread  is  the  great  object  of  life. 

What  is  the  philosophical  explanation  of  this  necessity  for  a  supply 
of  air,  of  water,  of  food  ?  ^yhy  is  it  that  the  system  will  bear  so  little 
delay  ? 

The  answer  which  Physiology  gives  to  these  questions  is  an  answer 
Life  dc  11.1s  **^  ominous  import,  but  the  whole  science  is  a  commentary  on 
on  destnieiion  its  truth.  The  condition  of  life  is  death.  No  part  of  a  liv- 
0  matenn .  ^^^  mcchanism  can  act  without  wearing  away,  and  for  the 
continuance  of  its  functions  there  is  therefore  an  a^olute  necessity  for 
repair. 

It  has  been  greatly  to  the  detriment  of  physiology  and  the  practice  of 
medicine  tliat  this  conception  has  not  been  thoroughly  realized  until  late 
times.  The  aspect  of  identity  which  an  animal  presents  is  an  illusion, 
hiding  from  us  the  true  state  of  the  case.  It  has  been  the  fruitful  source 
of  errors  which  have  retarded  the  progress  of  these  sciences.  What  could 
their  career  possibly  be  when  men  had  persuaded  themselves  that  a  liv- 
ing being  possesses  a  capacity  for  resisting  any  cliange,  and  tliat  organic 
structures  never  yield  to  external  physical  influences  until  after  death  ? 

But  life,  far  from  being  a  condition  of  immobility,  is  a  condition  of 
ceaseless  change.  An  oi^nism,  no  matter  of  what  grade  it  may  be,  is 
only  a  temporary  form,  which  myriads  of  particles,  passing  through  a  de- 
terminate career,  give  rise  to.  It  is  like  the  flame  of  a  lamp,  which  pre- 
sents for  a  long  time  the  same  aspect,  being  ceaselessly  fed  as  it  ceaselessly 
wastes  away.  But  we  never  permit  ourselves  to  be  deceived  by  the  sim- 
ulated unchangeableness  which  such  a  natural  appearance  offers.  We 
recognize  it  as  only  a  form  arising  from  the  course  which  the  disappear- 
ing particles  take.  And  so  it  is  even  with  man.  He  is  fed  with  more 
than  a  ton  weight  of  material  in  a  year,  and  in  the  same  time  wastes  more 
than  a  ton  away. 

There  is,  therefore,  a  general  condition  of  equilibrium  which  every  an- 
Conditinna  of  ™^  presents,  depending  upon  its  receipts  and  its  wastes,  a 
eqniliiiriumia  proper  knowledge  of  the  conditions  of  which  is  at  the  fonnda- 
"*"*  tion  of  Physiology.     That  we  may  approach  this  problem  un- 

der its  simplest  form,  iree  it  from  all  unnecessary  complications,  and  make 
it  of  most  interest  to  the  special  object  of  this  book,  the  remarks  now 
to  be  made  will  be  confined  to  our  own  species,  and,  except  when  oth- 
erwise stated,  to  a  condition  of  health,  and  to  the  adult  period  of  life. 

To  have  a  uniform  standard  of  reference,  we  may  assume  one  hundred 
and  forty  pounds  as  the  weight  of  an  adult  healthy  man.  Now  the  con- 
stant consumption  of  food,  water,  and  atmospheric  air  tends  steadily  to 
increase  tliat  weight,  and  even  in  a  very  short  time  a  disturbance  arising 
irom  these  sources  would  be  perceptible,  were  there  not  some  causes  of 
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componsation.  But  even  at'lcr  a  year,  if  a  stale  of  Jiealrii  is  maintained, 
the  weight  may  remain  precisely  what  it  was,  and  this  may  continue  year 
lifter  year  in  sucecssion.  Tlio  coiisumptiun  of  lar^  quantities  of  eolidi 
liqniil,  and  gaueous  matter  docs  not  therefore  necesaariiy  add  to  the 
weight. 

Tlicre  nro  two  periods  of  life  for  which  thi3  observation  will  not  hold 
Tlicy  arc  infancy  and  old  age,     Diirmg  the  former  tlie  weight  in- 
SC3  from  day  to  day,  and  during  tlic  latter  it  slowly  deeline*. 

If  there  be  thus  causes  for  the  increase  of  weight  of  the  living  system, 
there  arc  also  causes  for  its  diminution.  Setting  aside  the  minor  ones* 
these  may  he  cliieHy  cnnmcrated  as  loss  l>v  urine,  by  firccs,  by  transpired 
and  expired  matters.  Ily  transpired  matlcrs,  arc  meant  anch  as  escape 
under  the  form  of  Liquids  and  gases  from  the  skin,  and  by  expired  mat- 
ters, vai>ors  and  gases  escaping  from  the  limgs.  There  is,  therefore,  a 
tendency  to  an  increase  and  a  tendeiicy  to  a  diminution  of  llio  weight, 
and,  in  the  condition  of  equilibrium  we  are  considering,  these  must  bal- 
aneo  one  another. 

[f  a  man  of  iltc  standard  weight  abstains  from  the  taking  of  water  and 
food,  a  good  balance  will  pro^  e  that  in  the  0001*86  of  less  than  an  hour  he 
become  liLrhtcr.     If  he  still  |>ersi9ts,  it  needs  no  instrument  to  detect 
.t  ijt  going  on ;  the  eye  j»erceives  it,  for  emaciation  ensues. 

1  low,  then,  is  it  possible  for  a  li\-ing  l)eing  to  continue  at  its  standard, 
except  the  causes  of  Licreasc  are  precisely  equal  in  effect  to  ihc  causes 
of  diniiimtion  ?  Overlooking  minor  ones,  we  may  therefore  assert  Uiat 
the  sum  total  of  food,  water,  and  atmospheric  air  taken  m  a  given  period 

time  is  precisely  equal  to  the  sum  total  of  all  the  losses  by  urine,  fic- 
transpired,  and  expired  matters;  for  if  the  receipts  were  greater,  the 
weight  must  incroase — if  the  losses  were  grcyiter,  the  weight  must  dimin- 
ish. Persistency  in  tliis  respect  proves  equality,  and  the  case  is  just  as 
simple  OS  in  the  common  afiiiirs  of  lite ;  he  who  pays  less  than  ho  receives 
grows  rich ;  if  his  payments  are  more  than  his  receipts,  lio  becomes  jwor ; 
Imt  his  condition  is  unchanged  if  his  payments  and  receipts  are  equal. 
Iitiaiicy,  old  age,  and  nuuihuod  answer  to  these  circumstances  respect- 
ively. 

From  tlic  army  and  navy  diet  scales  of  France  and  England,  which  of 
course  arc  based  u])on  the  recognized  necessities  of  large  Qamiityor 
Btunbers  of  men  in  active  life,  it  is  inferred  tliat  about  2i  ""»""^i«i«<' 
poonds  avoirdupois  of  drj*  food  per  day  arc  required  for  each  yror. 
individoal ;  of  this  about  three  quarters  arc  vegetable  and  the  rest  animal. 
Al  the  close  of  an  entire  year  the  amount  is  upward  of  SOO  {>ound3. 
Enumerating  tinder  the  title  of  water  all  tlic  various  drinks — coffuc,  tea, 
olcoliol,  wine,  &e. — its  estimated  quantity  is  .ibout  1500  pounds  per  an- 
nnm.     That  for  oxygen  may  be  token  at  800  pounds. 
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With  these  figuroe  l^eforc  as,  we  are  able  to  see  how  the  case  stands. 
The  food,  water,  and  air  which  a  man  receives  amotuit  in  the  aggregate 
to  more  than  3000  pounds  a  year ;  that  is,  to  about  a  ton  and  a  half,  or  to 
more  than  twenty  tiroes  liis  weight.  This  enormous  mass  may  well  at- 
tract our  attention  to  the  expenditure  of  material  which  is  required  for 
supporting  life.  It  reveals  to  us  the  fact  that  the  old  physiological  doc- 
trine, that  a  living  being  is  not  influenced  by  external  agents,  is  altogether 
a  fallacy.  A  living  being  is  the  result  and  representative  of  change  on  a 
prodigious  scale. 

The  condition  of  wjuilibrium  which  has  just  been  set  forth,  moreo\"er, 
QnantltTof  leads  to  the  conclusion  that  the  aggregate  weight  of  urine, 
iM^mm^'n  m^  f*ces»  transpired,  and  expired  matter  is  the  same  for  the 
year.  Bamc  period  of  time.     In  round  numbers,  we  may  take  it  at 

a  ton  and  a  half. 

It  can  not  be  questioned  that  the  materials  which  are  rendered  back  to 
the  external  world,  after  having  subsen'cd  the  purpose  of  the  animal  and 
passed  through  its  system,  are  compounds  of  those  which  were  originally 
received  as  food,  drink,  and  air,  though  they  may  have  assumed  in  tlieir 
course  other,  and  perhaps,  in  our  estimation,  viler  forms.  Recognizing 
as  indisputable  the  physical  fact  that  not  an  atom  can  be  created  any 
more  than  it  can  be  destroyed,  we  should  expect  to  discover  in  the  sub- 
stances thus  dismissed  from  the  system  every  particle  that  had  been 
taken  in, 

"Wliat,  then,  is  man  ?  Is  he  not  a  form,  as  is  tlie  flame  of  a  lamp,  the 
temporary  result  and  representative  of  myriads  of  atoms  that  arc  fast 
passing  through  states  of  change — a  mechanism,  the  parts  of  which  are 
unceasingly  taken  asunder  and  as  unceasingly  replaced  ?  The  appear- 
ance of  corporeal  identity  he  presents  year  after  year  is  only  an  illusion. 
He  begins  to  die  the  moment  he  begins  to  breathe.  One  particle  after 
another  is  removed  away,  interstitial  death  occurring  even  in  the  inmost 
recesses  of  the  body. 

From  these  general  considerations  we  infer  that  the  essential  condition 
Great  extent  of  of  life  is  wastc  of  the  body ;  and  this  not  only  of  the  body 
the  ByBtem  of  °  ^^  *^**  ^^ggi^gatc,  but  cven  of  cach  of  its  particular  parts, 
man.  Whatever  part  it  may  be  that  is  exercised  is  wearing  away, 

and  wherever  there  is  activity  there  is  death.  And  since  parts  that  are 
dead  are  useless,  or  even  injurious  to  the  economy,  the  necessities  simul- 
taneously arise  for  their  removal  and  for  repair.  Much  of  the  compli- 
cated mechanism  of  animal  structures  is  for  tlie  accomplishment  of  this 
double  duty. 

For  an  organic  being  to  live,  its  parts  must  die.  The  amount  of  activ- 
ity it  displays  is  measured  by  the  amount  of  death,  and  in  this  regard 
every  member  of  the  animal  series  stands  on  the  same  leveL     Here,  at 
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There  has  never  Ixicn  created  such  a  timig  as  on 


Uifi  very  oiitspt  of  our  science,  we  must  (lipTtiisa  the  vulgar  error  lliat  tho 
physical  conditiona  of  cxUtenco  vart'  in  different  tribes*  and  that  ntaii  is 
not  to  be  compared  with  lower  fonus.  We  must  steadily  keep  in  view 
the  interconnection  of  all,  a  doctrine  whicli  is  the  guidiug  liglit  of  modem 
phyaiolog)',  and  which  authoriiica  us  lo  appcjd  to  the  structure  and  func- 
tions of  one  animal  for  an  explanation  of  the  Stmctnro  and  functions  of 
Tlie  more  steadily  we  keep  before  U3  this  philosophicai  con- 

'i^ition  of  the  interconncctiori  of  all  organic  forms,  the  clearer  will  bo  onr 
physiological  views, 
isolated  bring  being. 

From  tho  uiaiuu^r  in  which  these  general  con  si  deration  a  of  tho  mechan- 
ical and  chcniicjil  equilibrium  of  tho  system  of  man  Iiavc  been  Xcccawityind 
introduced,  it  will  doubtless  be  seen  that  it  ia  the  first  buai-  JL^'ipiSli 
ncsa  of  the  physiologist  io  disentangle  the  variable  results  "liindarJ*. 
whicii  that  systcni  presents,  as  (or  as  may  be  possible,  and  oifer  tiicni  un- 
der a  staudani  estimate ;  Uiat  at  the  basis  of  this  science  there  should 
\fC  a  tabic  setting  forth  with  the  utmost  exactness  all  the  quantities  con- 
cerned in  such  a  standard  tjlM?.  Thus,  assuming  the  weight  of  iui  adult 
man  at  140  ponnds,  as  we  have  done,  it  should  show  the  dinmal  consump- 
ti'-'i  ibuslihlo  matter  or  food,  of  water,  of  air — the  diurnal  loss  by 

cv...  I,  by  socr<;tion,  by  rcjipirution.     In  contrast  with  this  it  should 

alao  give  llic  nocturnal.  It  should  also  rc]ireitcnt  the  quantity  of  bile, 
(^  saliva^  of  pancri^tic  juice  ;  the  weight  c>f  cjich  one  of  the  various  salts 
and  organic  Imdles  they  contain,  the  diurnal  and  nocturnal  production  of 
beal,t^c. 

For  the  purpose  of  the  practice  of  raodicinc,  a  standard  of  140  pounds 
will  perhaps  be  foujid  most  convenient,  but  in  a  scientific  point  of  view, 
and  especially  for  comjMirativc  ph^'siology,  a  standard  of  lUOO  parts  is 
beat  aasuined.  I  now  present  an  attempt  at  tho  comstruclion  of  eudi  ta- 
bles, it  Ifcing  perhaps  scarcely  necessary  to  apologize  fur  their  cxlreinc 
imjicrlection.  Though  offering  the  resuUs  at  present  received  as  moat 
tniatnorthy^  a  vcrj-  auporiicial  examination  will  show  Iiow  full  they  nro 
of  errors  oiid  contradictions.     iVrliapa  it  would  not  be  too  nmch  to  say 

,  that  it  will  rerjuirc  the  labor  of  many  physicians,  continued  for  centuries, 
to  bring  sucli  tables  to  tho  trulli.  Yet  the  approach  to  j)recL''ion  in  these 
hypotlietical  constants  will  in  all  times  lie  a  measure  of  the  exactness  of 
|Jiyaiulogy,  and  it  may  Ix;  added,  also,  of  the  practice  of  medicine.  Tho 
lime  U  nt  hand  when  such  a  tj*pical  standard  must  be  the  starting-point 
for  pathology,  and  no  rational  i^racticecan  exist  without  iL  The  passage 
of  physiology,  trom  a  speculative  to  a  positive  science,  is  the  signal  for  a 
rsvolatJon  in  the  practice  of  medicine. 

Jloreovcr,  physiology  should  furnish  formulas  for  the  compntalion  of 
Tariations  in  these  tabular  numbers  under  variable  conditions :  u^,  fur  in- 
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Stance,  under  low  and  high  aerial  tempera ttiroa,  change  of  atmospheric 
pressures,  absolute  quiescence,  or  the  near  approach  thereto,  the  eSect  of 
a  determined  amount  of  locomotion,  or  other  muscular  exertion,  &c.  As 
the  science  becomes  more  perfect,  it  shoxdd  likewise  attempt  to  embrace 
pathological  states ;  as,  for  instance,  the  diurnal  or  periodic  production  <^ 
heat  in  fevers,  the  effect  of  the  hy^enic  system  of  the  bedroom. 

Physiology  having  attained  to  this  high  condition,  the  practice  of  med- 
icine in  its  great  department  of  diagnosis  will  consist,  in  reality,  in  the 
solution  of  inverse  problems.  Given  the  variations  from  the  standard  ex- 
isting in  any  case,  to  determine  the  cause  of  those  ^'ariations.  At  this 
point  diagnosis  becomes  a  science,  and  ceases  to  be  an  art. 

As  in  painting  and  statuary,  the  artist  has  an  ideal  model  in  his  mind, 
ni  (ratio  f  ^  typical  standard  which  no  living  being  has  perfectly  reach- 
the  following  ed,  thougli  some  of  the  most  beautiful  may  have  approached 
****  *•  thereto,  so  in  physiology  the  standard  or  typiod  man  pre- 

sents the  combined  and  mean  values  of  nil  tlie  human  race. 

A  less  comprehensive  view  presents  us  with  distinct  national  standards, 
instead  of  this  universal  one,  for  every  country  has  its  own  peculiarities. 
Keaults  of  the  highest  interest  arc  to  be  perceived  when  these  national 
standards  are  compared  with  one  another.  Even  the  same  nation  must 
offer,  from  age  to  rgc,  modifications  in  its  t}-pe  expressive  of  the  secular 
perturbations  it  is  undergoing,  as  it  advances  or  descends  in  a  knowledge 
cf  the  arts  of  life  and  civilization. 

llorcover,  there  are  typical  standards  of  a  still  lower  order,  ha\"ing  ref- 
erence to  the  conditions  of  sex  and  the  period  of  life.  Of  these  six  may 
be  designated — the  infant,  the  adult,  the  aged,  cf  the  male  and  female  sex 
respectively. 

As  illustrations  of  these  remarks,  and  examples  of  the  detcnnination  of 
the  fundamental  element  of  such  a  general  physiological  table,  the  stand- 
ard weight  of  the  body,  we  may  take  the  following  estimates.  An  ex- 
amination  of  20,000  infants,  at  the  Matemitd  in  Paris,  gives  for  the  weight 
of  the  new-bom  Gilbs. ;  the  same  mean  value  obtains  for  the  city  of  Brus- 
sels. For  about  a  week  after  birth  this  weight  undergoes  an  actual  dim- 
inution, owing  to  the  tissue  destruction  which  ensues  through  the  estab- 
lishment of  aerial  respiration,  and  which  for  the  time  exceeds  the  gain 
from  nutrition.  For  the  same  age  the  male  infant  is  hea\'ier  than  the  fe- 
male, but  this  difference  gradually  diminishes,  and  at  twelve  years  their 
weight  is  sensibly  the  same.  Three  years  later,  at  the  period  of  puberty, 
tlie  weight  is  one  half  of  what  it  is  finally  to  be,  when  full  development 
is  reached.  The  maximum  weight  eventually  attained  is  a  little  more 
than  t\\'enty  times  that  at  birth,  this  holding  good  for  both  sexes;  but 
since  the  new-bom  female  weighs  less  than  the  standard,  and  the  new- 
bom  male  more,  the  weight  of  the  adult  male  is  136^^^  lbs.,  and  of  the 


I 


I 
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t  female  ISl-^y^u  lbs.     The  mean  weight  of  a  man,  inrcspccli 
period  of  liie,  is  103.^1^^  lbs.,  and  of  a  woman  ^'^f^s  ^^*'     '^^^^  mean 
wei|rfat  of  a  human  being,  without  reference  either  to  age  or  sex,  h 

98,yyv  lbs. 

For  the  preceding  nnmbers  we  arc  indebted  lo  the  researches  of  M. 
Quetelet,  who  likewise  has  in  an  interesting  manner  extended  the  metli- 
ods  of  statistics  to  the  illustration  of  the  physical  and  moiid  career  of 
num,  and  impressed  us  with  the  fucts  that  in  the  discussion  of  the  phe- 
nomena which  masses  present,  individual  jHsculiarity  disappcfirs  and  gen- 
eral laws  emerge.  The  actions  which  seem  to  be  tlic  result  of  free  will 
in  ibe  individual,  assume  the  piise  of  necessity  in  the  community.  Just 
03  wo  are  sure  that  man  is  bom,  develops,  and  dies  under  the  operation 
of  laws  that  are  absolutely  invariable,  so  communities  soom  to  bo  under 
the  influence  of  unchangeable  laws.  '^  In  communities  man  commits  the 
Bamo  number  of  murders  each  year,  and  dtKS  it  with  the  wimc  weapons. 
We  might  ennmcmto  bcibrchand  liow  many  individuals  will  imbrue  their 
hands  in  the  blood  of  their  kind,  how  many  mil  forp?,  how  many  poison, 
very  nearly  as  wo  enumerate  beforehand  how  many  births  and  deaths  will 
take  place."* 

PHYSIOLOGICAL  STANDAIID  TABLES. 


■a^l  to  M»  IM.  Mf  0lldDt«tk 

wvlf  ht  to  IOM>  pMU.                                            1 

i 

-■ 

i 

T, 

b 

Vrf  ncwtahiA  food . . .     1.097 

u 

1)17  v.-Ki-teblfi  rood  . .      llliMt 

£ 

^ 

J*TY  ■nlBwl  food 4,<W1 

Mlvn VLSia 

l^wn<«Ur  JulM Ml) 

euimatlcjulc« S.145 

^ 

Wla itixt 

J 

IMk 14000 

i 

f  Xrhnn  rmm  dtnga  , . .       .AflO 

^ 

C«rlMin  fMitn  Innjp. ..        l-fiTI 

a 

Ul««rlB>l  }iilr« MO 

3 

IntMltDftlJalm B.IM 

£ 

LiM*«f  WBivrk/ liuii;«      I.MO 

e 

Lotf  or  wnbtr  by  lungm      lO/.-Ml 

•■           akin,      tttl 

B 

■kta.      l&VM 

n 

J 

F*c« K1 

Ifr 

•o  , 

■' 

1 
1 

1 

Water 7u.0V 

1 

; 

lACtleacM (0T 

tAeOcMM m 

BalphurtflMid 009 

fitilpbarlc  ulil 007 

fhof[ibvi1r  ki'id....      .Me 

i^omboTtc  Mtii on; 

Cl>toHil«  »f  tuilliifn  .      .OKI 

Oilorldeof  ■hUuiii  .     .Mi 

AlkallWKndouUu.      .011 

AUaUrasoriouUu.      .114 

Olhfr  tmllM 0u2 

OtlwrbodiM 014 

f 

1 

FItirin on 

W*U 107 

ChlArldoerndlDn.      .4M 

KkU    OH 

dtloridoorsodlnm.      .001 

rt  ■ 

ehlnrideorMtaM..      .Odd 
l*linapli»l«  or  Hill . .       .Ora 

ChlorfdaorpoUua..     .048 
Humpb^i»  or  tad^ . .     ,991 

1 

UariMHuU  ofKHlk ..      ,01^ 

Ou^aaftWorv'da..      .OM 

tl 

SotphMir  at  aoda fln| 

e 

BaliibftMofMd* «M 

rho«  ll<no  Mid  mtg.     .004 

"* 

nio&  Uaw  MiiA  nag;     .oSB 

OrMekfidphm.  Iraa      .4<M 

Oxide  Mid  pttot,  trait     .MIT 

OtbarbodtM TOO 

In  M*  tBht0  tkn  mimwUi  U  In  tba  HTBlnliipoU 

la  IbU  talilv  till  OtknMkW  Ib  njion  an«  lliuuwnd  I 

9»n»i  sad  ditrlnwl*  thon-if. 

l«rf 

l»                                                                                      1 

It  is  to  bo  received  as  a  doctrine  admitting  no  controversy,  tliat  or- 
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ganic  systems,  wliethcr  vegetable  or  animal,  whetlier  humble  or  elaboTate- 
An  animal  ere-  {y  developed,  possess  HO  powcT  of  Creating  matenal.  Their 
tut  only  trans-  function  13  of  ncccssity  limited  to  the  mere  transformation  of 
foms  the  Bub-  substances  furnished  to  them.     From  this  it  follows,  even  in 

stances  It  re-  i  i  i    '  ^^       ■        i  f  i 

ceives.  tlic  case  of  man,  that  the  substances  dismissed  &om  the  sys- 

tem arc  metamorphosed  forms  of  those  which  have  been  receiTed,  and 
that,  whatever  their  appearance  may  be,  they  must  liave  arisen  from  the 
reaction  of  the  food,  water,  and  air  upon  one  another. 

This  reaction  we  may  proceed  to  view  as  a  purely  chemical  result ; 
for,  casting  aside  all  the  vain  hypotheses  of  the  older  physiology,  and  pe> 
mitting  ourselves  to  be  guided  by  the  harmonics  of  nature,  we  should  ex- 
pect to  recognize  in  the  clianges  taking  place  in  organic  systems,  and  in 
the  phenomena  which  attend  those  clianges,  the  same  results  which  arise 
in  the  artificial  or  experimental  reaction  of  food,  water,  and  air  on  each 
other.  A  very  superficial  examination  of  the  facts  shows  at  once  the 
rhe  chemical  correctncss  of  this  expectation.  On  such  an  examination  we 
maitera  re-  ^^^  cntcr,  premising  it  with  some  general  remarks  needfiil  for 
ceived.  our  purposc  on  the  nature  and  properties  of  food,  water,  and  air. 

1st.  Op  Food. — No  article  is  suitable  for  food  except  it  be  of  a  com- 
bustible nature.  Its  chemical  constitution  must  be  such  tliat  if  its  tem- 
perature be  raised  to  a  proper  degree  with  a  due  access  of  atmospheric  air 
it  will  take  fire  and  bum,  and  the  products  of  its  combustion  must  be  car- 
bonic acid  gas  and  water,  or  those  substances  with  nitrogen  or  its  com- 

2d.  Of  Water. — This  may  be  taken  as  tlie  type  and  representative 
of  all  the  various  liquids  used  as  drinks.  It  evaporates  at  any  tempera- 
ture, even  at  those  which  arc  lower  than  its  freezing  point,  and  in  this 
evaporation  produces  cold.  Water  vaporizing  from  the  skin  absorbs  1114 
degrees  of  heat,  and  hence  exerts  a  most  powerful  refrigerating  action. 
Over  saline  substances  there  arc  few  bodies  wliich  exercise  so  general  a 
solvent  effect.  In  virtue  of  this  property,  it  is  enabled  to  introduce  in 
tlie  dissolved  state  sucli  compounds  as  are  wanted  for  the  nutrition  of  the 
system,  and  in  the  same  manner  to  carry  away  the  wasted  products  of 
t.ecay. 

3d.  Op  Atsiospiieric  Am. — The  active  principle  of  the  air  is  oxygen 
gas,  the  effects  of  whicli  are  moderated  by  the  presence  of  a  large  quanti- 
ty of  nitrogen — four  fifths  of  the  air  consisting  of  this  latter  substance. 
Physiologically,  we  often  use  the  terms  atmospheric  air  and  oxygen  syn- 
onymously. 

The  chief  materials  which  a  living  being  receives  from  the  external 
world  are,  therefore,  combustible  matter,  water,  oxygen  gas  ;  and  out 
of  the  action  of  these  upon  one  another  all  the  physical  phenomena  of  its 
life  arise. 
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Such  being  the  nature  and  proiiortics  of  the  things  received,  vrc  may 
now  examine  in  the  Fame  general  manner  those  which  ai^  rrupcrtirtof 
dismissed  from  tlic  8\'stem.     Here,  at  llie  very  outset,  we  en-  »u'w>«'kx» 

,       .  nil  •  1-       1  1  1    ai'inu***!  by 

coonter  the  important  fact  tliat  they  arc  oxidized  or  bumcu  Uie«ysi«Bi. 
bodies. 

l«t.  As  re-'spccfs  the  urine  and  its  constitxients.  Its  liquid  part,  wa- 
ter, is  on  oxide  of  hydrogen,  of  wliicli,  thongh  the  greater  portion  may 
Dot  tiavQ  been  produced  in  the  economy,  yet  a  cei*tain  quantity  unquea- 
tionably  lias.  In  it,  too,  are  to  be  found  eulphuric  acid,  wliich  is  an  ox- 
ide of  sulpliur;  phosphoric  acid,  which  is  an  oxide  of  phosphorus ;  and  its 
leading  solid  constituent,  urea,  is  tlie  representative  of  bodies  wliich  arise 
when  processes  of  oxidation  Iiavc  been  going  on. 

2d.   The  expired  and  tratispired  matters  present  similar  burned  com- 
[  poands.     At  the  head  of  ibese  products  stand  carbonic  acid  ga.%  wliicli  is 
[an  oxide  of  carbon,  a:id  water,  whicli,  as  wc  liave  already  said,  is  an  ox- 
ide of  hydrogen.     \Vc  here  omit  any  consideration  of  the  nature  or  con- 
stitution of  the  faecal  matter,  because  much  of  it  has  never  Ijeen  projicrly 
in  the  interior  of  the  system,  though  it  lias  passed  tlirough  the  intestine. 
Tlic  general  result  at  which  we  airive  is,  then,  tliat  the  food  consists  of 
J  combustible  mutter,  and  tliat  the  substances  dismissed  from  the  economy 
aro  oxiilizcd  Iwdics.     A  bumiug  must,  then'fon*,  have  been  go-  -     .     , 
'  ing  on,  and  this  could  only  Iiave  been  accomplished  by  the  air  occur.  Ui  iiic 
tutrodiiced  by  breathing  acting  upon  the  substance  of  the  body  *'-^* 
itself  and  its  contents,  and,  to  repair  the  waste  which  must  have  ensued* 
'  a  duo  weight  of  food  has  been  required.     Since  this,  in  its  turn,  as  a 
of  the  living  nieeluinii<ni,  is  destined  to  undergo  the  like  destructive 
an,  we  may  present  the  entire  scries  of  facts  under  consideration  cor- 
rectly by  regarding  tliera  as  arising  remotely  from  the  action  of  the  air 
npon  the  food. 

With  this  statement  before  us,  we  next  inquire  what  ensues  when  sal)- 
utanoes  apjTropriale  for  food  are  exposed  in  artificial  ex[>eriment3  at  a  cer- 
tain lempejatnrc  to  tlie  action  of  atmosplieric  air, 

A  piece  of  tlesh,  or  even  ot'  any  vegetable  body,  consisting  of  carbon, 
hydrogen,  oxygen,  and  nitrogen,  submitted  to  those  condi-  R«saiteorar(i- 
I  tions,  nndcrffocs  combustion.     Its  carbon,  by  unitin?  with  ox-  "^J*'  oomUu*- 
Tgcn,  produces  carbonic  acid,  its  liydrogen  tor  the  most  part  «» ihai  in  tho 
water,  but  a  residue  tlieroof,  combining  with  the  nitrogen,  may  ^'^>'- 
I  give  rise  to  the  production  of  ammonia.     If  there  be  any  sulphur  and 
I  pho^>honis  present,  they  also  bum,  and  salts  of  sulphuric  and  phosphoric 
arids  aro  tlie  result. 

Such  is  what  oecura  outside  of  the  body  in  a  common  case  of  artificial 

tion  where  atmospheric  air  has  access.     The  constituents  of  which 

15  com])oscd  tiiud  satisfy  ihclr  chemical  atSnitics,  and  the  com- 
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pounds  wc  have  mentioned  arise.  Now  it  is  a  fact  of  the  utmost  signifi- 
cance that  the  compounds  thus  originating  &om  the  direct  artiiicial  burn- 
ing of  matters  proper  for  food  are  the  very  same  that  are  dismissed  from 
the  animal  eystcm  in  which  food  has  been  submitted  to  the  air  introduced 
by  respiration.  They  are  such  substances  as  carbonic  acid,  water,  am- 
monia, sulphates  and  phospliatcs. 

It  may  impress  these  truths  more  deeply  upon  us  to  learn  that  the 
facts  at  which  we  have  thus  arrived  may  also  be  recognized  in  the 
changes  of  destruction  presented  by  the  vegetable  kingdom.  The  leaves 
of  trees,  after  they  have  fallen  in  autumn,  quickly  decay,  and  even  the 
heart-wood  itself  has  a  limit  beyond  whicli  it  does  not  last.  Sooner  or 
later  every  part  of  a  plant  is  destroyed  by  the  atmospheric  air.  Such 
limits  of  duration  in  animal  structures  are  short.  A  very  brief  time,  per- 
liaps  only  a  few  hours,  is  all  that  is  wanted  for  putrefaction  to  set  in,  and 
the  entire  mass,  undergoing  dissolution,  is  lost  in  the  surrounding  air. 

This  final  disappearance  of  all  organized  structures  is  brought  about 
by  the  action  of  that  energetic  clement,  oxygen.  K  by  any  contrivance 
its  influence  is  prevented  and  its  presence  avoided,  these  clianges  do  not 
take  place.  Putrefaction  and  decay  are  slow  combustions,  true  burnings 
taking  time.  TJiere  equally  arise  from  the  fallen  leaf  and  from  the  de- 
caying body  carbonic  acid,  water,  and  ammonia,  the  self-same  substances 
dismissed  from  the  economy  during  the  continxxance  of  life. 

Processes  of  combustion  and  processes  of  decay  are  therefore  both  due 
to  the  action  of  atmospheric  oxygen  on  the  changing  substance.  They 
differ  chiefly  from  one  another  in  the  relative  rapidity  with  wliich  they 
are  accomplished. 

The  facts  thus  set  forth  warrant  the  following  statements.  The  mat- 
ters which  a  man  receives  as  food  are  combustible  bodies ;  tliose  dismissed 
Production  of  from  his  system  have  been  burned.  To  that,  as  to  any  other 
Animal  heat,  guch  burning,  oxygen  gas  is  absolutely  requisite.  There  is, 
therefore,  a  plain  conclusion  before  us,  wliich,  in  its  far-reaching  conse- 
quences, covers  the  whole  science  of  physiology,  and  betrays  to  us  the 
function  which  every  animal  discharges,  viz.,  that  oxidation  is  incessant- 
ly going  on  in  the  interior  of  the  system  througli  the  agency  of  atmos- 
pheric air  introduced  by  the  process  of  breathing. 

An  animal,  in  this  point  of  view,  is  an  oxidizing  machine,  into  the  in- 
terior of  which  atmospheric  air  is  constantly  introduced.  The  active  con- 
stituent, oxygen,  satisfies  its  chemical  affinities  at  the  expense  of  those 
parts  of  the  system  which  are  wasting  away.  And  as  the  act  of  breath- 
ing, that  is,  the  introduction  of  this  gas,  takes  place  day  and  night,  wak- 
ing and  sleeping,  so  too  must  the  production  of  burned  bodies ;  a  part 
escaping  by  the  lungs,  a  part  by  the  skin,  a  part  in  the  urine.  To  com- 
pensate the  loss  which  ensues,  nearly  1000  pounds  weight  of  combustible 
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matter  mtist  be  nscfl  in  the  course  of  a  jcar,  and,  for  reasons  to  he  exam- 
iiiTHi  in  Jotail  presfiitly,  three  tjujirtors  of  a  ton  of  water.  But  this  is  a 
very  diffpreiit  conchisiuu  to  tlie  notion  of  the  ancient  pliyslcinna,  that  an 
nnima]  during  its  life  is  exempt  from  participating  in  external  changes, 
and  i«  an  enduring  monument  of  the  power  posBcssed  hy  the  VITAL  POBCE 
of  resisting  all  physical  influences. 

Utit  carbon  by  nniring  vr\th  oxygen  can  not  turn  into  carbonic  acid, 
nor  can  hydrogen  turn  into  ivater,  nor  nitrogen  into  annnonia,  without 
beat  being  produced.  The  very  meaning  ive  attach  to  tlie  ti-nn  indicates 
that  every  process  of  Iraming  is  attended  with  the  liberation  of  heat 

In  domc-stic  economy,  we  protr«i,  ourselves  from  the  cold  weather  of 
winter,  or  attain  any  high  temperature  wc  want  by  the  oxidation  of  some 
of  the  forms  of  carbon,  mieh  as  wood  or  coal,  in  fire-places  or  stoves. 
Wc  know  tliat  for  the  production  of  a  given  qnantity  of  heat  a  given 
weight  of  combustible  matter  and  of  air  is  required,  and  tliat  by  employ- 
ing various  mechanical  contrivances  for  increasing  tho  draught  we  can  ac- 
coJcratc  the  Imniing. 

Moreover,  if  in  onr  Libomtfirifa  we  require  the  veiy  highest  tempera- 
ture that  can  be  artificially  obtaine<l,  we  resort  to  the  burning  of  hydro- 
gen. There  are  instrumenta,  such  as  tiic  compound  blow-pipe,  construct- 
ed on  this  principle.  In  the  flame  which  arises  in  tliis  combiistion  tlie 
most  refractory  substances  melt  or  are  deHngraleil, 

But  it  may  be  said  that  thougli  wlicn  a  substance  is  rapidly  oxid- 
izing it  must  be  evolving  heat,  tliero  is  perhaps  a  slower  ProdactMnof 
kintl  of  combination,  in  which  the  particles  unite  witliout  any  f^'iftJj,"  J^J** 
*Usturbance  of  temperature,     What  proof  could  be  offered,  for  dec^* 
example,  tliat  a  raooldering  leaf  is  disengaging  heat  ? 

In  answer  to  this  it  is  not  neccspary  to  liring  forward  refined  or  direct 
experiments.  Ever>-  leaf  wlicn  it  moulders  is  literally  burning  away. 
The  extrication  of  warmth  bcfrins  even  when  it  is  ready  to  tall.  What 
does  the  farmer  expert  in  making  his  liay,  if  he  puts  the  grass  up  in  too 
moist  &  fltato^  or  in  loo  large  a  mass  ?  The  temperature  does  not  stop  at 
the  stage  of  bituminous  fermentation,  but  the  stack  most  probably  takes 
ftfC  Of  course  what  is  going  on  in  the  whole  mass  is  going  on  in  each 
aepttnUo  leaf,  undiat'mgniahablc,  it  is  true,  in  the  hitter  case,  because  the 
heat  of  a  single  decaying  leaf,  taken  alone,  may  lie  ciirried  off  by  the  cold 
snrronnding  air,  or  by  the  contact  of  good  conducting  bodic*,  and  so  bo 
lost  to  exAinination. 

From  ogricultural  ojioratJnns  we  may  also  Icani  tlinl  what  holds  good 
for  vegetahle  Ixwlies  is  true  for  animal  substances.  Ifcaiis  of  manure  or 
of  of!kl  of  any  kind,  if  due  access  of  air  be  given,  exhibit  the  extrication 
of  carbonic  acid,  steam,  and  ammonia,  and  the  temperature  promptly  rises. 
he  gardener  avails  himself  of  this  fact.     He  uses  the  heat,  as  it  is  slowly 
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fict  IVgo  bv  tiic  putreiaction  of  manure  in  liis  forcing  &amcA»  to  bring  forth 
plants  in  the  early  spring.  There  is  no  kind  of  decay,  or  putrefaction,  or 
oxidatiun  of  organic  matters,  however  alow  it  may  bo,  tliat  is  not  noarkcd 
by  the  production  of  warmth, 

ilan,  in  a  state  of  health,  maintains  a  nearly  uniform  temperature. 
ncBtoTiiiM):  Neglecting  slight  variations,  to  be  hercalter  critically  cxam- 
i:ac»B*e.  ijiod,  it  ia  98  degrees.  For  the  most  jiart,  it  is  immaterial 
in  what  climate  of  the  cartli  he  may  reside,  whether  in  the  cold  polar  i^ 
gions  or  tlie  hot  tropic ;  he  is  so  constituted  that,  cither  tlirough  the  pro- 
visions of  his  own  organization,  or  by  resorting  to  the  adventitious  aid  of 
clothing,  or  to  special  articles  of  food,  he  can  maintain  himself  at  abont 
tlie  same  degree;  and  as  all  this  heat  arises  from  interstitial  oAidalion 
continually  taking  place,  it  is  obvious  that  within  certain  limits  he  had 
control  over  it.  Thus,  in  the  winter  he  sometimes  resorts  to  violent  mii5- 
cular  action  in  order  to  incniase  the  rapidity  of  respiration  and  tlic  de* 
Btrwction  of  muscular  tissue ;  for  the  greater  the  quantity  of  air  intn>- 
duced  in  a  given  period  of  time,  the  higlirr  the  tenijKraturo  rises,  just 
as  when  we  close  the  door  of  a  stove,  or  place  a  blower  on  an  anthracite 
tire,  an  increased  draught  is  occasioned  and  the  quantity  of  heat  is  in- 
creased. Tu  breathe  with  rapidity  and  depth  is  certain  to  raise  tlie  tem- 
perature. 

On  the  contrary,  in  summer,  when  the  beat  is  oppressive,  we  instinct- 
ively abstain  from  muscular  exertion,  tranquil  and  slow  respiration  goes 
on,  and  tlie  temperature  is  kept  down.  Again,  there  are  means  of  occa- 
sioning an  iiicrcHsed  lilxfration  of  heat  by  changing  the  nature  of  the  food 
and  using  highly  combustible  material,  such  as  the  various  kiudu  of  alco- 
holic preparations.  The  clicmical  constitution  of  alcohol  is  such  that  in 
the  act  of  burning  carbonic  acid  and  wotcr  arc  pro«luccd  witii  tlic  libera- 
tion of  so  much  heat  that  chemists  lind  it  one  of  the  most  suitable  means 
of  attaining  a  high  tem[>erature.  On  taking  preparations  of  this  substance, 
such  ns  distilled  liquors  or  wines,  the  first  effect  is  (he  production  of  a 
genial  wormtli  all  over  the  body,  intoxication  eventually  coming  on  oa  a 
secondary  result. 

These  remarks  are  not  limited  in  their  application  to  our  own  species, 
the  whole  animal  world  furniithea  us  with  commentuics  on  their  truth. 
Man  maintoiuing  a  temperature,  as  has  been  said,  of  about  9S  degrees, 
other  animals  are  at  other  degrees,  some  being  cold-blooded  and  some  hot. 
The  particidar  point  the}'  reach  depends,  as  direct  obsen-ation  shows,  on 
the  fjuontity  of  oxj'gcn  they  consume,  or,  in  other  words,  on  their  respira- 
tion. Birds,  whose  breathing  mechanism  is  by  far  the  most  elaborate 
and  eottcnsively  devclojwd,  iiave  by  far  the  highest  temperature.  The 
snake  or  tlie  tortoise,  whose  rate  of  respiration  is  very  slow,  and  which 
consume  but  little  oxygen,  have  a  coiTe8j>ondmgly  low  degree  of  heat. 


rSES   or   XTATEB. 


21 


I 


Um«  of  Wftter. 


And  in  those  creatures  whieJi  at  one  period  of  the  year  are  in  full  activity, 
bnt  at  another  lie  dormant  or  hibernate,  as  they  begin  to  respire  more 
slowly  their  tumperatiire  begins  to  decline.,  and  when  they  have  Hi:nk  into 
their  winter's  sleep  their  breathing  is  scarcely  perceptible,  and  their 
\Tannth  scarcely  above  that  of  the  surroundinp;  air. 

In  \vhat  has  been  thus  far  said  wc  have  been  coiiBiJeririg  those  oper- 
ations of  the  system  wUieh  tend  to  the  production  of  heat,  cauawofcool* 
and  the  maintenance  of  the  whole  mnsfi  of  the  body  at  a  tern-  *ngof  the  body. 
j>eratnrc  above  that  of  the  surrounding  air.  But  it  is  obvious  tlmt  pro- 
vision must  1)6  made  to  prevent  any  imdno  rise,  so  tliat  between  those 
causes  of  elevation  and  these  of  depression  a  duo.  equilibrium  may  Iw  maiii- 
tained.  If  a  very  hirgi*  quantity  of  combustible  mailer,  uinler  tlie  form  of 
food,  and  about  an  equal  weight  of  oxygen,  are  necessary  for  obtaining  a 
pm()er  heat,  we  should  also  recollect  tluit  nearly  tliree  quarters  of  a  ton  of 
water  are  consumed  each  year.  The  duty  which  this  water 
discharges  we  may  next  consider- 

Tlwt  duty  is  twofold.  1st.  The  removal  of  solid  material  in  a  state 
of  solution;  and,  2d-  The  production  of  cold  by  evaporation.  It  is  the 
coolmg  Kgeney  wliieh  is  of  most  interest  to  us  in  our  present  inquiry,  but 
a  few  remarks  as  regards  the  removal  of  solid  matter  may  not  here  be 
misplaced. 

Ist,  Water,  then,  exerts  its  solvent  power  for  the  removal  of  all  those 
substances  which,  arising  incessantly  in  the  animal  system,  can  n*  solvent 
not  assume  either  the  vaporous  or  gaseous  state.  In  this  con-  ?<"•«•"• 
ditton  an;  the  diH'erent  saline  bodies,  such  as  the  sulphates  which  are  com- 
ing from  the  destruction  of  the  nuiscular  tissues,  as  vohmtory  and  invol- 
untary motions  are  performed ;  or  the  phosphates  which  are  produced  by 
tiic  destruction  of  cerebral  and  nervous  matter.  In  the  same  condition 
vbmd  nearly  all  the  nitrogenixed  results  of  the  destruction  of  the  soft 
parts,  and  which  are  to  a  great  extejit  to  be  removt^d  as  urea.  Water  dis- 
solving with  more  or  less  facility  these  various  bodies  permits  their  escape 
from  the  system  by  the  secreting  action  of  the  kidneys,  which,  strain- 
ing or  filtering  tliem  from  the  blood,  dismiss  them  to  the  bladder,  trom 
which  they  arc  periodically  rcmovetb 

Tlic  skin  is  no  inefficient  anxUiary  to  the  kidncj^  in  effecting  this  rc- 
•al  of  water  charged  witli  soluble  matters.  All  over  its  suri'iicc  are 
;tered  in  profusion  the  ducts  of  the  perspiratory  glands,  which  consist 
of  a  convoluted  tubing  abundajilly  supplied  with  blood-vessels.  The  final 
mode  of  action  of  these,  glands  depends  on  extTanoDUS  circumstances. 
Most  ootomoidy  the  fluid  is  carried  away  xindcr  the  form  of  a  ■\'apor  or  in- 
sensible perspiration,  but  when  the  secretion  goes  on  more  rapidly,  or  the 
dew-point  of  the  surrounding  air  is  high,  it  then  accumulates  as  drops  of 
The  amount  of  water  tiius  removed,  even  by  insensible  per.^p'ira- 
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tioii,  is  greater  llian  might  Ijo  supposed,  ypt  it  correqionda  with  the  ex* 
tent  of  tlie  provision.  TIic  Ieiig:th  of  the  water-eecrettng  tubing  in  the 
skin  of  a  man  is  about  twenty-eight  miles. 

ThuH  hy  tlic  action  of  the  kidneys  and  the  skin  hirgo  quantities  of  wa- 
ter are  dismissed,  either  under  the  liquid  or  vaporous  fonn.  A  third  or- 
gan is  roncometl  in  this  important  dtity.  It  is  the  lungs.  These,  how- 
ever, jinj  limited  in  their  operation  to  its  cxlialation  as  ^-ajMir  or  steam. 
That  water  abundantly  escapes  &om  them  is  plainly  sliown  when  the  days 
arc  cold,  tlie  moisture  as  it  comes  tVom  ihe  respiratoiy  passages  condms- 
ing  into  a  visible  cloud  when  it  encomitors  the  air.  it  is  estimated  tltat 
the  loss  of  water  by  the  skin  and  lungs  conjo'uitly  is  about  IS  grains  ia 
a  minute,  of  which  1 1  piiss  ofi*  from  tiiL*  skin  and  7  from  tJie  lungs,  flak- 
ing due  allowance  for  the  variable  action  of  tiie  skin  as  dci>endcnt  on  the 
dcw-|>oint  and  other  such  causes,  wc  can  scarcely  set  down  the  entire 
quantity  at  less  than  1000  pounrls  a  y«ir.  In  the  same  period  the  quan- 
tity of  water  lost  as  urino  may  l»c  taken  at  900  |K>unds.  It  may  [icrhaps 
be  remarked,  that  here  wc  are  assuming  a  loss  of  1900  pounds,  when  the 
quantity  of  water  nnmxally  token  is  only  loOO  pounds.  But  it  is  to  be 
rccolleetf^l  tlmt  not  only  does  water  form  a  very  prominent  constituent  of 
titc  solid  food,  whether  vegetable  or  animal,  but  also  that  much  arises 
Com  the  oxidation  of  hydrogen  in  the  interior  of  the  system. 

2d.  "Water  also  c-tcrts  a  cooling  influence,  arising  from  its  evapora- 
Cooline  influ-  tion  from  tlin  surface  of  the  skin  and  the  cells  of  the  iunga. 
ea«  of  water,  "pijg  ditlcrencc  Ixitwecn  water  in  the  state  of  nn  invisible  var 
por  and  in  the  liquid  condition  consists  in  tliis,  tlmt  the  vapor  contains 
1114  degrees  of  heat  which  the  liquid  does  not.  When,  thorefon^  it 
evaporates  from  a  surface  of  any  kind,  as  from  the  skin,  it  obtains  there- 
from that  lai^e  amount  of  latent  heat,  and  so  tends  to  cause  the  tcTU|)era- 
ture  to  decline.  Not  lliat  this  is  the  only  cooling  agency  at  work.  Ra:- 
diation  might  also  bo  mentioned ;  for,  just  as  a  warm  inorganic  body  cools 
by  the  escape  of  radiant  heat  from  it,  so  loo  does  a  living  being. 

Tliea*!  considenitiiins  explain  haw  an  eqiiiUhrium  of  temperature  is  69- 
Ei]iitUbHnm  or  tablislu'd.  By  the  process  of  reK|)iralion  there  is  a  constant 
beat  in  man.  tendency  to  increase  the  heat ;  but  by  evajiomtion  of  water, 
radintion,  and  other  cooling  causes,  there  is  a  constant  tendency  to  dimin- 
ish iL  A  balance  is  struck  between  the  two  processes,  and  in  man  a 
temperature  of  98  degrees  ia  kept  up. 

This  average  temperature  is,  however,  easily  departed  from.  Through  | 
some  trivial  cause  the  cooling  agencies  may  be  interfered  with,  and  then, 
the  heating  proccs-'^eg  getting  the  superiority,  a  high  temperature  or  fe- 
ver comes  on.  Or  the  reverse  may  ensue.  In  Asiatic  diolera,  the  con- 
stitution of  the  blood  is  so  changed  that  its  cells  can  no  longer  carry  ox- 
ygen into  the  system,  the  heut-making  processes  are  put  a  stop  to,  and, 
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the  temjicrature  dcclijiliig,  llie  body  becomes  of  a  marble  coldness  cbarac- 
U'riatic  of  that  li'rriblt!  disuisc. 

The  animal  mechanism  is  thus  the  focus  of  intense  chcniicftl  cimngcs, 
aiitl  great  (|Hantitics  of  material  aro  Te<|uired  in  very  brief  Ne»«ityofr«v 
apaces  of  time  ibr  itit  Kujj|)ort.  AVe  have  seen  what  is  the  }^1'„' IJ^  u*  *^'" 
use  of  the  combastible  niatt6r  employed  as  food,  what  of  the  wasti<w. 
water,  what  of  tJio  air,  how,  these  reacting  on  one  anotlier,  a  high  but  reg- 
ulated temperature  is  kej)t  up. 

Much  of  wlrnt  lias  Ijceti  thus  far  said  has  liad  reference  only  to  the  de- 
Ptnirtion  of  tissues.  This  waste  of  matter  arises  for  a  double  reason, 
partly  to  give  origin  to  the  lieat  which  auimals  require,  and  partly  as  a 
conse«]uonce  of  uitellectual  activity  and  muscular  motion ;  for  no  movc- 
n»^nt  can  be  made  mthout  a  destruction  of  uuiseular  libre,  and  all  mental 
and  nervous  actions  imply  tiic  waste  of  a  certain  quantity'  of  vesicular 
substance.  For  this  reason,  after  an  nnimal  has  undergone  violi;nt  nms- 
colar  exercise,  the  quantity  of  urea  and  sulphuric  acid  in  the  urine  is  in- 
creasp<1,  this  being  the  cluinuel  tlux>ugh  which  those  results  of  the  do- 
stniction  of  muscular  fibre  are  removed ;  or,  after  severe  mental  or  intel- 
lectual duty,  there  is  more  phosphoric  acid  than  usual  in  the  urine,  be- 
of  the  greater  oxidation  of  phosphorus  which  has  taken  place  in 
bruin. 

Hut  of  course  ihis  destruction  of  tissue  must  be  compensated  by  a  ro- 
pair  if  a  normal  condition  and  healtl)  arc  prcson-cd.  Tlic  action  of  the  air 
is  not  directly  upon  the  food,  for  intenncdiately  and  temporarily  the  \'ow\ 
is  converted  into  the  liWng  mechanism.  The  dead  material  is  awakened 
into  life,  and  for  a  time,  though  only  for  a  time,  becomes  a  portion  of  the 
li\'iitg  anil  feeling  mass. 

Tlio  functions  and  actions  we  luive  been  considering  imply  the  provi- 
sion of  many  comphcatcd  mcclianisms.  Tliere  nui.«t  Iw  means  y^riom  mwh- 
for  effecting  tiie  introduction  of  tlic  air ;  these,  in  man,  dejK'nd  »ni»ni»  w«m«d 
on  calling  into  operation  its  pressure,  A  system  of  tubes  is  ^^i^  ud  for 
necessary  for  its  distribution  to  the  [»oinls  at  which  it  is  re-  r«i"«'r. 
qnircd.  and  in  like  niauucr  a  system  is  rc<|uirud  fur  carrnng  away  tlie 
wasted  products  of  decay.  The  new  material  which  is  destined  to  rc- 
pUoe  the  parts  whicli  arc  tlms  dlsnpjxaring,  and  to  keep  the  economy  in 
repaiTf  miut  be  submitted  to  such  processes  of  mechanical  and  chemical 
preparation  that  it  may  be  dissolved  in  the  blood,  and  carried  wherever  it 
is  wanteiL  It  must  therefore  be  cut  and  cruslied  by  teeth  driven  by  pow- 
erful muscles,  diss(dved  by  acid  and  alkidine  juices  in  digestive  cavities 
set  apart  for  tlmt  puqiose.  From  these  it  imist  he  taken  by  armngo- 
menls  which  can  absorb  it  and  carry  it  into  the  torrent  of  the  circulation. 
Physical  meims  must  be  resorted  to,  not  only  for  the  impidsion  of  these 
newly-absorbed  nutritive  juices^  but  likewise  to  drive  the  blood  in  its 
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proper  career  of  circulation.  It  is  needless  here  to  dwell  on  the  manner 
in  which  the  most  refined  principles  of  hydraulics  are  brought  into  ^^Ajy 
or  to  speak  of  the  manner  in  which  forces  of  compression  and  elasticity 
are  introduced ;  how  that  there  are  valves  which  open  only  in  one  way 
to  let  the  current  pass,  or  how  some  of  these,  as  in  the  like  human  con- 
trivances, are  tied  down  in  their  action  by  cords.  Moreover,  since  it  is 
required  that  the  animal  shall  go  in  search  of  its  food,  muscles  of  loco- 
motion, which  act  upon  purely  mcclianical  principles  on  the  bony  skele* 
ton,  must  be  resorted  to,  and  so  the  animal  structure  becomes  a  most 
elaborate  and  complicated  machine. 

In  this  regard  the  human  body  may  be  spoken  of  as  a  mere  instrument 
PhTBical  ss-  or  engine,  which  acts  in  accordance  with  the  principles  of  me- 
pectof  mao.  clianical  and  chemical  philosophy,  the  bones  being  levers,  the 
blood-vessela  hydraulic  tubes,  the  soft  parts  generally  the  seats  of  oxida- 
tion. But  if  we  limit  our  view  to  such  a  description,  it  presents  to  us 
man  in  a  most  incomplete  and  unworthy  aspect.  There  animates  this 
machine  a  self-conscious  and  immortal  principle — ^the  soul. 

Though  in  the  most  enlarged  acceptation  it  would  fall  under  the  prov- 
Tbe  Mul  •  'ta  *"**  *^^  physiology  to  treat  of  this  immortal  principle,  and  to 
nature  and  re-  consider  its  jxjwcrs  and  responsibilities,  these  constitute  a 
apoiuu  ties,  gyi^jgpj  gj  Qj^f^  gQ  ]x)undless  and  so  important,  that  the  phys- 
iologist is  constrained  to  surrender  it  to  the  psychologist  and  theologian, 
and  the  more  so  since  the  proper  and  profitable  treatment  of  it  becomes 
inseparably  involved  with  things  that  lie  outside  of  his  domain. 

Yet  under  these  circumstances,  considering  the  ever-increasing  control 
which  scientific  truth  exerts  over  the  masses  of  men,  considering  too  how 
much  the  welfare  of  the  human  family  depends  on  the  precision  and 
soundness  of  its  religious  views,  it  is  the  duty  of  the  physiologist,  if  for 
the  reasons  that  have  been  specified  he  yields  this  great  subject  to  others, 
to  leave  no  ambiguity  in  the  expression  of  the  conclusion  to  which  his 
own  science  brings  him.  Especially  is  it  for  him,  whenever  the  oppor- 
tunity offers,  to  assert  and  to  uphold  the  doctrine  of  tlie  oneness,  the  im- 
mortality, the  accountability  of  the  soul,  and  to  enforce  those  paramount 
truths  with  whatever  evidence  the  structure  of  the  body  can  furnish. 

For  this  reason,  he  can  not  recall  but  with  regret  the  existing  use  of 
many  terms,  such  as  mind,  intellect,  vital  principle,  spirit,  which,  though 
they  were  at  first  doubtless  employed  as  expressions  of  the  functions  or 
qualities  of  the  soul,  have  in  the  course  of  time  gathered  other  meanings 
and  confiised  the  popular  ideas.  They  have  brought  about  a  condition 
of  things  in  science  not  unlike  that  which  prevailed  in  theology  during 
the  reign  of  polytheism.  Constrained,  perhaps,  himself  by  the  necessities 
of  language  to  use  such  phraseology,  it  is  for  him  at  the  outset  to  leave 
no  doubt  of  the  views  he  entertains,  and,  as  far  as  he  can,  prevent  such 
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exfirfssKiiiB  from  frittering  away  t!»o  great  tnitli  (lint*  as  tliere  is  hut  one 
God  in  tilt;  uni^  er»e,  so  there  ia  but  one  spirit  in  man. 

On  ono  of  tliesc  terms,  the  vital  prineiple,  1  may  make  a  few  remarks, 
eJiicc,  from  'x-iiig  a  mere  e.\]>re8sion  of  eonvenienee,  it  lias  by  de-  TlicriMl 
grees  ri.->en  among  physicians  and  physiologists  to  the  rank  of  P'"ln'^*i>I«- 
designaling  an  existing  agent,  by  some  reganled  as  of  the  same  kind  aa 
light,  htail,  flettrioity,  or  gra\-itation — nay,  even  gn|)erior  to  ihciu,  since  it 
is  its  i^eculiar  attribute  to  hohl  llicm  all  in  check.  Animated  hy  tliis  ex- 
traordinary power,  orgaiiic  substances  are  siipiKised  to  withstand  every 
external  inttnence,  and  to  submit  To  physical  agents  only  after  this  prin- 
ciple haa  loft  them.  8ueh  a  preposterous  doctrine  will  not  bear  the 
touch  of  exact  science  for  a  moment.  It  is  oidy  a  relic  of  the  old  meia- 
jjjysical  system  of  philosophizing,  which  accepted  a  name  in  lieu  of  an 
cjqdanation,  which  prefcrretl  the  dogma  of  the  horror  of  a  vannini  to  the 
more  simple  but  material  view  of  the  pressure  of  the  air.  By  the  aid  of 
tKis  imaginary  principle,  complete  physiological  systems  have  been  wov- 
en, in  which  ever)*  act  and  every  condition  of  the  atiimal  economy  is  spon- 
taneou^ly  explainetl,  and  nothing  remains  for  solution.  But  by  the  stu- 
dent of  nature,  whose  mind  Itas  been  trained  in  |>ositivQ  science,  tlic  im- 
posture is  detected.  He  sees  at  a  glance  that  this  is  not  the  ptylc  of  the 
Great  .Vrtist.  The  problems  of  organization  are  not  to  lie  solved  by  em- 
pirical schemes;  they  reriuire  the  patient  a])])licatiou  of  all  imiHtrtance gf 
the  aidii  timt  can  be  funiislicd  by  all  other  branches  of  hu-  ^«"npb^^ 
man  knowledge,  and  even  then  tlic  solution  comes  tarcUIy.  okgy. 
Yet  there  is  no  cause  tor  us  to  adopt  those  quick  but  visionary  specula- 
tions,  or  to  despair  of  giving  the  true  explanation  of  all  physiological 
facts.  Hince  it  13  given  us  to  know  our  own  existence,  and  be  conscious 
of  oiir  own  individuality,  wo  may  rest  assured  that  wc  have  wliat  is  in 
reality  a  far  less  wouderi'ul  pfiwer,  the  capacity  of  com]>reiiending  all  the 
conditions  of  our  life.  (Jod  has  framed  our  understanding  to  grasp  all 
these  things.  I'or  my  own  part,  1  ha\'e  no  sympathy  with  those  who 
Bay  of  this  or  tliat  physiological  problem,  it  is  above  our  reason.  ]^Iy 
faith  in  the  power  of  the  intellect  of  man  is  profound.  Far  from  suppos- 
ing that  (here  are  many  things  in  the  structure  and  functions  of  the  body 
which  we  can  never  comprehend,  I  believe  there  is  nothing  in  it  that  wfi 
sluill  not  at  last  explain.  Then,  and  not  till  then,  will  man  be  a  perfect 
monoinent  of  the  wisdom  and  power  of  his  31aker.  a  created  being  know- 
ing his  own  existence,  and  ca|uiblc  of  exjilaining  it.  In  the  application 
of  exact  science  to  physiology,  1  Imik  for  the  rise  of  that  great  and  noble 
practice  of  medicine  which,  in  a  future  age,  will  rival  in  precision  the  me- 
chanical engineering  of  my  times.  In  it,  too,  are  my  hopes  of  the  final 
extinction  of  empiricism.  Kvcn  now  this  method  is  attendo4l  with  results 
wkich  most  commend  it  to  every  thoughtful  mind,  since  it  ia  connecting 
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itself  with  those  great  trutlis  which  concern  the  human  family  most 
closely,  and  is  bringing  into  the  region  of  physical  demonstration  the  ex- 
istence and  immortality  of  the  soul  of  man,  and  furnishing  conspicaooa 
illustrations  of  the  attributes  of  God. 


CILVPTER  II. 

OF  FOOD. 

JTlf  ttahtral  Sabdicisioat  of  Phgtioloyy, — 0/Food:  its  Sovrcft  catd  CTattificalioH — its  Valm  wot 
ahorjflher  dependent  on  its  Comjtontion. — O/AtiBc:  its  Comjnsition,  and  Use  of  its  Water, 
Casein,  Stujar,  Butter,  and  Sahs. —  Variations  in  the  Composition  of  MxOc. — Qf  Bread. — Q^ 
mixed  Diets, — Of  the  embryonic  Food  of  liirds, — Nutrition  of  camivonms  and  iertivarova 
Animais. — Food  formed  by  PUints  and  destroyed  by  Animais. — L'su  of  tmxtd  Food  and  Cook- 
ing. — Absolute  Amount  of  Food. 

PHYSIOLOOT  possesses  n  very  great  advantage  over  many  other  sciences 
Sabdirioionaof  ^^  offering  it3  leading  problems  and  doctrines  in  a  certain 
physiology.  well-marked  order  or  sequence,  a  connected  whole,  with  only 
here  and  there  points  of  digression,  but  those  points  often  of  very  striking 
interest.  Thus  pursuing  the  train  of  reflections  entered  on  in  the  pre- 
ceding chapter,  we  should  have  to  consider  the  nature  of  the  food,  the 
manner  of  its  preparation  by  the  process  of  digestion,  the  mechanism  by 
whicli  it  is  taken  up  from  the  cavities  in  which  it  has  been  so  prepared, 
and  that  by  wliich  it  is  distributed  to  every  part.  We  should  have  to 
show  the  way  in  which  it  becomes  incorporated  as  a  portion  of  the  living 
mass,  its  duration  in  that  condition,  and  the  manner  of  its  decay.  "We 
should  have  to  show  by  what  physical  means  and  through  what  mecha- 
nism the  air  is  introduced  to  effect  the  destruction  of  the  dying  parts,  and 
how,  as  the  consequence  of  this,  a  fixed  temperature  is  maintained.  The 
causes  which  lead  to  variations  of  this  temperature,  and  the  manner  m 
whidi  the  wasted  products  are  removed  by  the  skin,  the  lungs,  the  kid- 
neys^ might  next  obtain  our  attention.  The  complicated  machinery  nec- 
essary to  accomplish  all  these  purposes  requires  to  be  made  to  act  in  uni- 
son in  all  its  different  parts,  a  condition  which  introduces  to  us  the  nerv- 
ous system.  A  consideration  of  the  structure  and  gradual  development 
of  this  system  leads  to  the  structure  of  tlic  various  organs  of  sense,  and 
to  the  operations  of  the  intellectual  principle  itself.  Thus  in  succession 
we  should  have  to  treat  of  digestion,  absorption,  circulation,  respiration, 
secretion,  nutrition,  and  innervation,  and  to  close  the  whole  with  the  con- 
sideration of  reproduction.  This  is  the  order  which  I  propose  to  follow, 
and  sliall  devote  this  chapter  to  the  nature  and  qualities  of  the  food. 
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The  snpply  of  food  to  animAls  rcqwirrj*  n  moro  compltcated  provision 
tluui  it  docs  to  plants,  in  which  the  elaborating  organs,  the  goo,^offoof| 
leaves,  presenting  tiieniaelvea  BUpcriiciaUy,  nre  always  in  foruiiuulsuiil 
(x>ntart  with  tlie  air,  Irom  which  much  of'  their  nutrition  ia  ^"°  ' 
derived.  And  as  one  portion  after  another  hecoinc3  exhausted.  It  13  re- 
newed by  simple  mcclianical  agencies,  such  as  the  treiiiblhig  of  the  leaf, 
the  warmth  of  the  sun,  or  the  winds. 

Food,  iherelbre,  comes  spontaneously  to  plants,  which  need  no  powers 
of  locomotion.  And  though,  as  wo  shall  hereafter  find,  muscular  move- 
ment requires  us  its  essential  condilion  the  waste  of  tissue,  it  is  not  nec- 
essary lur  their  nutrition  that  plants  should  destroy  organized  substance. 
Bnt  an  animal  must  seek  its  foo<l,  and  for  this  purpose  is  endowed  with 
locomotion,  involving  the  destruction  of  tissue.  In  a  chemical  point  of 
view,  plants  arc  organizing,  and  animals  destroying  machines.  Nor  is 
this  general  assertion  controverted  by  the  apparent  exceptions  which  are 
here  and  there  presented,  as,  for  example,  that  the  hcrbivora  can  form 
sugar  and  fut  from  food  in  whicli  those  substances  did  not  preexist,  and 
the  salts  of  the  biliary  acid?,  which  arc  never  found  in  plants. 

To  obtain  for  animals  the  necessary  supply  of  nutriment,  the  resources 
of  nature  arc  displayed  in  the  most  wonderful  contrivances.  According 
aa  their  modes  of  lifo  may  be,  one  takes  its  food  with  its  teeth,  another 
with  its  lips,  another  with  its  fore  member,  another  winds  around  it  its 
whole  body.  The  geometrical  spider  waves  a  net,  and  lies  in  wait  for 
liia  prey;  the  ant  lion  digs  a  pit  in  the  aand.  Some  rely  upon  labor, 
some  upon  force,  some  u|>on  fraud.     I^lan  de]}ends  ujwn  alL 

Viewed  as  r-gards  its  physiological  distinction,  the  ibod  is  generally 
considered  as  of  two  kinds:  liistogcnctic  or  tissue-making,  and  cinssificotion 
Calorifacient  or  heat-making,  Ilistogenetic  food  furnishes  the  «f  '•"»** '"'" 
chemical  substances — carbon,  hydrogen,  oxygen,  nitrogen,  sul-  awl  calonrA- 
phar,  chlorine,  phosphorus,  iron,  potash,  soda,  limcH,&c  Ca-  *^''''"' 
lorifacient  food  furnishes  carbon  and  liydrogcn  mainly.  In  consequence 
of  tills  chemical  constitution,  tissue-making  food  is  sometimes  called  ni- 
trogenized,  and  heat-making  non-nitrogenized  food.  The  former  is  also 
sometimes  designated  nutritive,  and  the  latter  respiratory. 

It  is,  howevej,  to  be  distinctly  und(!rstood  that  the.sc  divisions  arc  only 
adopted  for  Iho  sake  of  convenience,  and  that  they  have  no  natural  foun- 
dation. Thus  it  will  be  found,  when  we  examine  the  functions  which 
the  fats  discharge,  that  though  they  are  non-nitrogenized  bodies,  and  are, 
tberefore,  considered  as  belonging  to  the  class  of  respiratory  food,  there 
is  every  reason  to  behove  that  they  arc  essentially  necessary  to  tissue 
development,  and  that  the  metamorphoses  of  nitrogcnizcd  bodies  can 
only  go  on  in  their  presence.  They  arc,  therefore,  as  truly  essential  to 
nutrition  as  are  the  latter  substances. 
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So,  too,  as  respects  the  albnmenoid  bodies,  of  which  it  would  be  incoiv 
lect  to  speak  as  though  they  were  limited  to  nntrition.  In  their  decay 
or  descending  metamorphosis  in  the  organism,  tbej  give  rise  to  the  evo- 
lution of  heat,  and  are  at  last  dismissed  under  the  aspect  of  products  of 
oxidation.  They  are,  therefore,  as  £eit  as  this  goes,  as  much  respiratoiy 
food  as  are  the  fats  themselves. 

Other  ciaspifi-  Perhaps  the  most  convenient  subdivision  of  food  articles 
catioasoffood.  jg  presented  in  the  four  following  groups: 

1st.  Carbohydrates,  or  compounds  in  which  carbon  is  united  with 
hydrogen  and  oxygen,  their  proportion  being  that  for  forming  water. 
Starch,  sugar,  gum,  cellulose,  are  examples. 

2d.  Hydrocarbons.  Compounds  containing  unoxidixed  hydrogen. 
The  oils,  fats,  and  alcohol,  are  examples. 

3d.  Albumenoid  bodies.  These  contain  nitrogen.  Albumen,  fibrin, 
casein,  are  examples. 

4th.  Salts.  Any  classification  of  food  articles  which  does  not  con- 
tain this  group  is  imperfect ;  for  salts  are  not  only  absolutely  essential 
to  organic  processes,  but  also  to  the  construction  of  many  tissues.  As 
an  example  of  the  former  case,  the  chloride  of  sodium  may  be  mentioned ; 
and  of  the  latter,  the  phosphate  of  lime. 

It  has  been  supposed  that  the  tissue-making  power  of  any  kind  of 
Vaiaeorfood  food  depends  on  the  quantity  of  nitrogen  it  contains,  and 
doea  not  de-      ti^t  j^g  value  may  therefore  be  determined  by  chemical  anal- 

|>eDd  woolly  on  _-  1-..,  ,11  1  -■ 

itscomposi-  ysis.  Upou  this  pnnciple  tables  have  been  constructed, 
^°^'  showing  the  agricultural  worth  of  different  articles  of  forage 

for  domestic  animals.  But,  as  will  be  found  hereafter,  when  we  consider 
the  physiological  effect  of  the  allotropism  of  bodies,  these  tables  are  not  of 
the  use  supposed.  Without  entering  into  details  at  present,  the  case  of 
gelatin  may  be  taken  as  an  example ;  this,  though  a  substance  abounding 
in  nitrogen,  possesses  no  tissue-making  value,  but  in  reality  belongs  to  the 
calorifacient  class,  and  therefore  its  administration  in  the  sick-room,  under 
the  rarious  well-known  forms  of  jellies,  soups,  etc,  is  altogether  deceptive 
as  regards  any  nutritive  power,  since  it  undergoes  speedy  oxidation  in 
the  system,  and  the  products  of  its  change  escape  by  the  kidneys  and  the 
lungs.  Tlie  value  of  food  is  not  only  dependent  on  the  occurrence  of 
certain  chemical  elements;  they  must  also  be  present  in  certain  allotropic 
states. 

The  same  remark  applies  to  the  tables  which  have  been  constructed, 
showing  the  amotmt  of  caloric  furnished  by  different  Tarieties  of  heat- 
making  food.  The  quantity  of  heat  set  free  during  the  combustion  of  a 
substance  depends  not  only  on  the  nature  of  the  elements  composing  it, 
but  also  on  the  particular  states  in  which  they  occur.  Combustibles  may 
have  the  same  chemical  composition,  but  very  different  heating  power. 


COirPOSITION  OP  MTLK. 

Food  winch  13  typically  perl'ect.  is  presented  by  nalarc  to  the  young 
of  various  aninuiLi.  In  milk,  or  in  the  egg,  we  should  ex-  iank»fi«naFti- 
'  pect  to  find  whatever  ia  necessary  for  the  growtli  of  the  tis-  pif^  of  rood :  lu 
BueSf  and  lor  the  perfomiance  of  the  functions.  An  exam- 
ination of  milk  will  therefore  illustrate  the  csacntial  characters  of  the 
different  elements  of  food. 

GtmpmalitM  nf  jlit &-. 

Water B73. 

CaMfa  48. 

Sugar  ufmilk 44. 

Bmtcr 30. 

Pliosphaio  of  lime 2.90 

Otb«r  »alM 2.70 

lUOO.OO 

In  tlu.^  we  notice,  fir.st,  the  large  proportion  of  water  present,  almost 
nine  tenths  of  the  whole  amount.  The  double  duty  of  this  Thf  water  of 
water  has  already  been  mentioned,  to  remove  from  the  sys-  "''"*• 
tern  cfitite  substances  wiiich  are  not  of  a  vaporous  or  gaseoua  form,  and 
which  can  not  escape  through  the  lungs,  and  to  regulate  the  temperature 
by  evaporation.  Wo  might  have  added  to  these  that  it  imparta  a  due 
6uidity  to  the  bIoo<l.  Tlicsc  arc  conditions  ns  necessary  to  tiic  infant 
aa  to  the  adult,  and  it  sliould  be  remembered  that  two  thirds  of  the 
weight  of  the  body  arc  water. 

Kejct  foUowfl  the  nitrogenized  principle  casein,  which  is  closely  re- 
lated in  composition  to  muscular  flcsii.  It  is  the  tissuc-mak-  j|,c  casein  or 
iDg,  lufitogenctic,  or  nutritive  clement  of  tlie  milk,  and  has  been  '"''^- 
elaborateU  from  the  albumenoid  substances  of  tlie  mother's  system.  It 
Lt  to  be  converted  into  the  muscular,  gelatinous,  and  other  soft  tissues  of 
the  infant. 

Casein  is  one  of  a  group  designated  as  tho  neutral  nitrogenized  bodies, 
of  which  some  of  the  more  prominent  are  albumen,  fibrin,  xjiiar«orptx>> 
and  globulin.  From  an  opinion  that  these  all  contain  tlie  *^'"  i**''"- 
aamc  organic  radical,  ihcy  are  often  tenned  the  protein  twdics.  They 
appear  to  exist  in  two  diU'crcnt  physical  conditions,  soluble  and  insolu- 
I  Ue  in  water;  tliey  all  contain  sulphur,  and  e.\hibit  a  proneness  to  pass 
into  tho  putrefactive  fermentation.  X^  this  takes  place  when  tliey  have 
reached  a  certain  stage  of  decay,  they  act  upon  other  bodies  as  femieata. 
Tlicir  constitution  is  represented  in  common  by  the  formula 

C„  H,.  O..  N.. 
Of  tlie  whole  group,  albumen  may  be  taken  as  the  type  and  most  import- 
ant racniber.     Indeed,  as  will  bo  found  hcrcancr,  in  the  process 
of  digestion  tlie  others  are  invariably  converted  into  it.     The 
white  of  the  egg  and  tho  scrum  of  the  blood  are  usually  referred  to  as 
oxaraples  of  albumen,  though  they  ditfcr  in  several  particukrs  from  one 
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another.  Albumen  forms  basic,  neutral,  and  acid  compounds.  It  is  a 
basic  albuminate  of  soda  which  is  found  in  the  egg  and  in  serum  of 
blood.  In  certain  diseased  conditions  the  blood  contains  the  neutral  al- 
buminate. 

Casein  presents  nearly  the  same  constitution  as  albumen,  bat  dilfen 
from  it  in  its  physical  properties ;  for,  while  a  solution  of  albumen 
is  coagulable  by  heat,  one  of  casein  is  not,  but  lactic  and  acetic 
acids  coagulate  it,  though  they  have  no  such  effect  on  albumen.  While, 
so  far  as  their  protein  nucleus  is  concerned,  the  two  substances  agree  in 
composition,  they  differ  in  this  respect,  that  casein  appears  to  contain  a 
less  proportion  of  sulphur,  and  no  phosphorus.  It  is  interesting  to  re- 
mark tliat,  during  incubation,  casein  arises  from  albumen  in  the  ^gs  of 
birds. 

Closely  allied  to  albumen  and  casein,  and  having  the  same  protein  nu- 
cleus, is  fibrin,  which  likewise  exists  in  two  states,  soluble  and 
insoluble.  Its  solidification  or  coagulation  can  be  produced  by 
the  action  of  sulphuric  ether,  which  docs  not  affect  albumen.  Moreover, 
in  the  coagulated  state  fibrin  decomposes  the  deutoxide  of  hydrogen, 
but  albumen  does  not.  The  most  important  difference  between  them  is, 
that  in  the  act  of  coagulation  albumen  shows  no  disposition  to  assume  a 
definite  structure,  but  fibrin  docs — fibrillating,  as  it  is  termed.  The 
analogy  of  constitution  and  closeness  of  relation  of  the  two  substances  is 
demonstrated  by  the  fact  that  by  nitrate  of  potash  corgulated  fibrin  may 
be  changed  into  albumen,  and  the  same  conversiun  is  accomplished  in  the 
stomach  by  the  digestive  juices. 

It  is  generally  supposed,  however,  that  fibrin  contains  a  larger  pro- 
portion of  oxygen  than  albumen,  a  conclusion  which  seems  to  be  confirm- 
ed by  physiological  considerations  respecting  its  origin.  For  this  reason, 
Hulder  describes  it  as  a  higher  oxide  of  his  hypothetical  protein.  It  al- 
ways is  associated  with  fat,  or,  perhaps  more  correctly,  with  soaps  of 
ammonia  and  lime. 

Fibrin  is  found  in  the  chyle,  lymph,  and  blood.  In  the  latter  fluid 
its  quantity  varies  in  different  parts  of  the  circulation.  The  blood  of  the 
portal  vein  yields  it  in  smaller  proportion  than  that  of  the  jugular.  It  is 
also  affected  very  much  by  diet :  thus  Lchmann  found  that  under  an  ani- 
mal diet  there  was  much  more  fibrin  in  his  blood  than  under  a  vegeta^ 
ble  one,  a  result  which  has  been  confirmed  by  experiments  on  dogs.  It 
has  also  been  observed  that  its  quantity  is  increased  during  starvation. 
But  the  blood  of  herbivorous  animals  contains  more  than  that  of  carnivo- 
rous ones,  and  that  of  birds  contains  tlie  most  of  all. 

These  remarks  on  the  composition  and  physical  properties  of  casein, 
albumen,  and  fibrin,  liave  been  introduced  for  the  purpose  of  illustrating 
the  facility  with  which  these  bodies  are  mutually  convertible,  and  more 
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particiilarly  lor  showing  that  there  is  nothing  whatever  mysterious  in 
the  casfiii  or  cunl  ol*  milk,  arising  from  the  ulbiuninous  scrum  ol*  the 
motlier*a  bJooil,  and  l>cing  transmuted  into  tlxe  fibrin  structure  of  the 
miificular  tissues  of  tlie  intaiit. 

Returning  now  to  our  exomifiatioTi  of  the  composition  of  milk,  as  set 
fortli  in  the  prccetling  faUo,  we  iind  that  two  respiratory  el-  tIk-  »iipir  and 
cments  aro.  next  upon  the  list :  1st.  Sugar  of  milk,  which  is  ''""*"^  *''"  '"'"'• 
to  be  convrrted  into  lactic  acid,  partly  by  the  agency  of  the  saliva,  and 
chiefly  in  intestinal  digestion ;  2d.  IJntter,  which  is  the  oleaginous  or 
fatty  i>ortion,  and  of  which  a  part  is  to  be  deposited  in  the  adipose  tis- 
anes for  a  time  of  need,  and  a  part,  along  with  the  lactic  acid  and  excess 
of  sttgar,  is  to  I»c  Inimcd  at  oiict;  for  the  production  of  heat. 

Th«^  inorganic  body*  phosphate  of  lime,  is  necessary  for  the  earlhy  por- 
tion of  the  skeleton,  and  probably  the  reason  of  the  introduction  _,      ,     , 
of  easrin,  to  the  exclusion  ot  other  protcm  compounds,  dejicnds  nuik,  |>iirticii- 
on  the  power  it  possesses  of  holding  phosphate  of  lime  in  solu-  |:^„^,'"n5" 
nntlo^sthaii  6  jwr  cent,  of  its  weight  of  thLs  eiirthylwdy  rhiori-Joo/Bo- 
*g  ofk'M  obtainable  from  it.     Among  the  other  salts  of     '""** 
the  milk*  chloride  of  sodium  may  be  (xiintcd  out  as  of  special  importance. 
It  and.^riri'cs  dwomjHtsition  in  the  system  of  the  infant,  its  hydrochloric 
acid  giving  aridity  tn  the  gastric  juice,  its  soda  entering  into  the  comjH)- 
BLlion  of  the  btio  and  rarious  salivary  secretions.     It  also  imparts  sola- 
bility  to  nlbnmcu,  and,  in  some  degree^  regulates  the  facility  with  which 
that  substance  coagulates.     It  iji)|jci.lcs  tlic  coagulation  of  tibrin. 

J^lilk  is  not  a  chemical  compound,  but  a  variable  mixture  of  different 
ingredients,  wliich,  under  ]>ro|x;r  circumstances,  may  be  scpa-  MnKin^of 
rated.  When  tlic  Hniil  is  allowed  to  rest  for  some  hours  at  the  *>""*'"- 
ordinary  temporalnrc,  the  fat-globules  rise  to  the  surface  as  cream,  which, 
submitted  to  a  strong  agitatioa  witb  air  in  the  process  of  churning,  forms 
butler. 

The  casein  of  milk  can  be  readily  coagulated  by  rennet  (which  is  the 
mucous  membrane  of  tlic  stomach  of  the  calt")  at  a  temperature  KakiHeof 
of  120^.  If  parted  from  the  residual  whey,  mixed  with  a  liiile  •^'•*»«- 
salt  and  yellow  colonng  matter,  and  subjected  to  the  action  of  a  suitable 
|ire»s,  it  is  formed  into  cheese.  No  better  examples  of  the  tissue-mak- 
ing and  heat-making  elements  of  food  can  be  offered  than  cheese  and 
butler  respectively. 

When  milk  is  exposed  to  the  air,  its  sugar,  under  the  inBuencc  of  the 
casein  or  curd,  gradually  disappears,  laming  into  lactic  acid,  u^ip  nrXi  in 
and  the  milk  becomes  sour.  The  composition  of  sugar  and  wurmilk. 
belie  acid  is  sucli,  that  we  might,  without  much  error,  say  that  an  atom 
of  angar  Bymmetrically  bisected  will  yield  two  atoms  of  lactic  acid.  This 
It  ia  produced  by  the  casein  commencing  to  pass  into  a  state  of  do- 
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caj  under  the  influence  of  the  atmospheric  air.  It  ia  likewise  produced 
daring  digestion  by  the  saliva,  and  also  by  the  pancreatic  juice.  The 
turning  sour  of  milk  on  the  stomach  is  due  to  the  transmutation  of  its 
sugar  into  lactic  acid. 

An  infant  finds  in  its  mother*&  milk  whatever  it  wants  for  the  growth 
Pbvuioio^ncal  of  its  own  body.  In  its  system  the  curd  resumes  the  form 
tueauf  mitk.  of  albumen,  or  passes  into  tlie  condition  of  fibrin  or  syntonin, 
and  in  this  manner  its  muscular  and  gelatinous  tissues  are  made.  The 
butter  is  deposited  in  the  adipose  cells,  or  burned  at  once  for  the  pro- 
duction of  animal  heat,  a  part  of  it,  however,  being  incidentally  consumed, 
as  will  be  liereafter  explained,  in  the  fabrication  of  fibrin  and  for  oilier 
histogcnetic  purposes.  The  phosphate  of  lime  is  carried  to  the  osseous 
system,  now  in  a  state  of  rapid  increase,  and  bone  is  formed  from  it. 

But  though  milk  is  so  well  adapted  to  the  wants  of  infantile  life,  it  is 
unsuited  to  the  adult.  Its  nitrogenized  principle,  casein,  though  in  suf- 
ficient quantity  for  the  repair  of  muscuhu:  waste  and  development  at  the 
former  period,  is  inadequate  to  these  purposes  at  the  latter,  when  de- 
struction, arising  from  the  incessant  activity  of  the  muscular  system,  is 
Varioiu  kinds  ®**  gTcatly  increased.  It  is  interesting  to  remark  how  the 
of  milk  for  dif-  composition  of  milk  is  modified  when  there  is  a  necessity  to 
erentamnuu.  jj^g^j  these  indications,  its  nitrogenized  principle  being  in- 
creased in  the  case  of  animals  such  as  tlie  cow  and  horac,  the  young 
of  which  commence  locomotion  almost  at  birth,  or  at  a  far  earher  period 
than  the  human  infant.  This  excess  of  casein  is  necessary  for  the  re- 
pair of  the  resulting  waste 

Tlte  Carutittttion  of  Mil: 


Hource. 

C'kM-ln. 

Sugar. 

nil  Iter. 

80 
C3 
32 

40 
28 
Sf! 

40 
40 
20 

This  table  presents  an  explanation  of  the  unsuitableness  wliich  is 
sometimes  remarked  in  the  milk  of  the  cow  when  used  for  the  nourish- 
ment of  children.  Milk  which  is  adapted  to  the  wants  of  the  calf  is  not 
adapted  to  the  functional  wants  of  the  child.  Kxperiencc  lias  taught  the 
jiurse  that  these  difficulties  may  in  part  be  removed  by  diluting  it  with 
water  and  sweetening  it  with  sugar,  the  effect  of  this  being  to  reduce  the 
percentage  of  the  nitrogenized  element,  the  casein,  and  to  increase  that  of 
tlie  respiratory,  and  so  approximate  the  composition  more  closely  to  that 
of  human  milk. 

Moreover,  milk  is  not  suitable  as  the  sole  nourishment  of  adult  life, 
since  it  does  not  contain  in  sufficient  quantity  those  phosphorized  com- 
pounds which  are  necessary  for  the  repair  of  the  waste  of  the  cerebral  and 
nervous  tissues,  which  at  this  period  are  much  more  active  than  in  infancy. 
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Variations  in  the  compo^tlon  of  tniik  from  its  normal  standard  are  ob- 
served to  depend  upon  age  and  bodily  iicaltli.     Young  fe-  Influvnceof 
males,  from  fifteen  to  twenty,  yield  a  milk  more  rich  in  boI-  IU*thJ«mS- 
ids  than  that  which  is  given  at  thirty-five  or  forty.     Gesta-  aiUoo  of  miUt. 
tion  at  a  late  period  increases  tlie  solid  portions.     The  following  table 
of  Veruoiii  and  Beujucrcl  illustrates  tlie  iniiucncc  of  disease: 


Iitjiaemx  cf  Diditatt  m  tie  0»iuf  jfufioii  ^  MiBe. 


Ill  HomJUi. 

Amb*  l»MmML 

(!hroal(!  IHmfmrnr, 

B89.08 

43.04 

1.38 

884.91 

G0.40 

38.10 

29.86 

1.73 

685.50 

37.00 

43.37 

32.AT 

l..*»0 

Cuein  and  extractive... 

1000.00 

1000.00 

10U0.00 

From  tlu3  consideration  of  the  natmro  and  properties  of  the  food  of  in- 
fimcy,  wc  may  pass  to  the  examination  of  that  of  the  mature  period. 

Experience  has  shown  tliat,  of  all  articles  of  food,  bread  made  from 
wheaten  flour  meets  best  the  renuirements  of  the  adult  life  of 

r  ..11.  '  i     Of  bread. 

inan.     It  seems  to  contain  all  tliat  is  necessary  tor  support.     A 

very  simple  analysis  will  show  how  it  presents  both  the  respiratory  and 

nutritive  elements. 

If  Buch  Hour  be  made  into  a  i>aste  with  water,  and  be  gradually  w.x3lied 
vntii  ft  larger  quantity,  an  clastic  coherent  mass  is  left,  and  Kxaminatfon 
the  water  aaaumcs  a  milky  turbidity.     After  a  time  it  bo-  ^^'J"^"',^  ^ 
comes  clear,  tlirough  the  settling  of  a  white  precipitate,  which  otb^r  graim. 
is  starch,  tl»c  leading  memljcr  of  the  respiratory  group.     The  elastic  sub- 
stance is  gluten,  which  is  a  true  vegetable  fibrin,  mixed  with  another 
iiitrogcnizcd  body,  gltadine,  wliich  may  be  removed,  along  with  a  certain 
ijaiintity  of  oil,  by  washing  with  ether  and  alcohoL 

Thus,  simply  by  washing  in  water,  flour  may  be  separated  into  two 
pbysiologlt'al  elements,  respiratory  and  nutritive,  the  former  being  the 
starcii,  and  the  latter  the  gluten.  The  relative  quantity  of  these  substan- 
ces difiera  in  different  samples  of  flour,  and,  other  things  being  equal,  the 
greater  the  amount  of  gluten  the  more  valuable  the  sample,  because  the 
more  nutritious.  It  is  interesting  to  remark  that  the  liquid  from  wlticlt 
the  starch  has  settled,  if  brought  to  the  boiling  point,  becomes  turbid 
again,  frc>m  the  coagulation  of  the  vegetable  albumen  it  contains. 

Otliex  grains,  treated  in  the  same  manner,  yield  similar  results.  The 
flour  of  barley  and  of  the  oat,  when  washed  with  water,  do  not,  however, 
yield  gluten,  Ijut  a  ])ure  fibrin,  with  a  ecjmration  of  starch. 

The  fibrin  occurring  in  these  grains  is  replaced  in  other  nutritious 

I  seeds,  socli  as  peas  and  beans,  by  legumin,  whicli,  like  the  casein  of  milk, 

does  not  coagnlulo  by  boiling,  but  merely  forms  tenacious  skins  as  it  ia 

en^rstcd.     These  may  be  removed  by  skimming.     This  substance) 
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which  presents  many  analogies  to  casmn,  is  congiUablc  by  acetic  acid 
and  alcohol,  and,  ii*  mixed  with  sugar,  turns  curdj,  and  becomes  sour 
from  the  prescnoo  of  lactic  acid.  It  dithers  from  casein  in  not  dissolving 
in  concentrated  acetic  acid,  and,  when  precipiiated  by  an  acid,  being  un- 
acted on  by  carbonate  of  lime.     It  is,  however,  coagulated  by  rennet. 

Thus,  when  wc  use  bread  made  of  any  of  the  common  varieties  of  floor, 
we  tind  in  it  both  kinds  of  food,  the  respiratory  and  nutrilive — tlie  former 
«s  starch,  and  the  latter  as  fibrin. 

But  civilized  man  has  greatly  improved  on  the  simple  diet  wluch  Xa- 
t*w  of  butter  ture  furnishes,  and,  without  knowing  the  imtncdiate  or  ])hilo- 
«n  hnmd.  sophical  reason,  has  added  articles  which  increase  the  respira- 
tory clement.  The  proverb  s-iys,  *'  It  is  good  to  have  broad,  but  it  is 
bettcjr  to  iiavc  bread  and  butter.**     Let  us  examine  why  it  is  so. 

W'heateu  flour,  in  its  relations  to  the  animal  system,  is  defective  in  one 
point — its  rc?piratorj'  element,  tlic  starch.  Xow  the  constitution  of  stan:h 
is,  that  in  its  dry  state  it  contains  much  more  than  luilf  its  weight  of  wa- 
ter, none  of  its  hydrogen  Ijcing  free,  but  all  oxidized.  It  is,  therefore. 
only  by  the  use  of  very  considerable  quantities  of  bread  th^t  the  nccos- 
sar^-  amonnt  of  respiratory  food  can  be  Iwd  for  keeping  up  llie  tempera- 
ture to  the.  proper  degree  But  if  butter  he  put  upon  the  bread,  the  eftect 
is  difierrnt.  In  common  witli  all  oleaginous  bodies,  buttex  contains  an 
excess  of  hydrogen,  and  therefore,  under  the  same  weight,  possesses  a 
very  high  heating  iwwcr.  The  detect  of  the  flour  is  thus  compensated, 
and  by  the  use  of  quite  a  moderate  quantity  a  high  ten]|x;rature  can  be 
maintained. 

It  wijuld  l>e  very  interesting  to  examine  in  this  way  the  physiological 
relations  of  the  diets  ailopted  by  communities  of  men,  and  the  great 
changes  wluch,  at  quite  a  recent  period,  liave  token  place  llirough  the  in- 
troduction of  tea,  cofl'ee,  and  cliocolate  on  an  extensive  scale  among  civ- 
ili/.ed  nations.  Before  tlie  discovery  of  the  ]>assago  to  the  East  by  the 
Caj)e  of  G<xh1  Hope,  and  the  estiihlishnient  of  direct  commercial  relations 
bct^\-een  Western  Europe  and  China,  the  generid  diet  of  the  ngrictdtural 
classes  consisted  chiefly  of  the  common  products  of  the  iiu-ni  and  sub- 
Or  mixed  di-  stances  readily  obtained  in  domestic  economy,  such  as  bread, 
chmMJ'  iLpa*^  *"^  clieese.  and  beer.  In  a  theoretical  jwint  of  view,  wc  can 
tmr.  scarcely  conceive  of  a  diet  more  conducive  to  the  sustenance 

of  the  bodily  frame.  The  cxjnstitution  of  wheat  flour  shows  that  it  con- 
tains tlic  elements  necessary  fur  liic ;  and  diccsc,  which  may  be  regarded 
as  the  preser\'od  curd  of  milk,  is  an  excellent  flesh-producing  body,  the 
casein  of  which  it  consists  being  readily  couverriblc  into  musclc-fibriii. 
The  common  salt  nscd  in  its  preiiaration  promotes  the  function  of  diges* 
tion,  by  furnishing  hydrochloric  acid  and  soda.  In  addition,  tlierc  are 
also  in  the  bcor,  an  alcoholic  and  intoxicating  liquid,  all  the  advantages 
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of  a  highly  comhusliWc  body  for  tlio  pttrposes  of  respiration-  Whatever, 
therefore,  is  requisite  for  the  well-being  of  the  animal  economy  is  present 
in  abundancti  in  such  a  diet. 

From  an  examination  of  the  diet-scales  of  the  educational  and  invalid 
establishments  of  London,  the  prisons  and  tlie  hospitals,  Benek6  obtains 
the  result  that  the  nitrogenizcd  shotdd  be  to  the  non-nitmgcnizcd  food  in 
weight  as  one  to  five.  Krom  other  data,  Frerichs  ealculatcs  fiatioof  nitro* 
that  llie  diurnal  consumption  should  be  2.17  oz.  avoirdupois  non"^?,^™. 
of  nitrogenizcd,  and  15.54  02.  avoirdupois  of  non-nitrogen-  iMJfood. 
izcd  food,  that  i.s,  about  as  one  to  seven.  Whatever  is  taken  more  than 
this  is  sttperHuous. 

The  peculiar  advantages  arising  from  the  use  of  casein,  whieh  in  a  solu- 
Wc  form  possesses  the  qualitj*  of  disBolving  large  quantities  of  phosphate 
of  lime,  unquestionably  determine  its  employment  as  a  constituent  of 
milk.  Bat  there  are  circumstances  under  which  a  necessity  arises  for 
the  use  of  other  nitrngonized  compound.^  such  as  albumen,  in  early  nu- 
trition ;  and  then  it  is  rcnmrkablc  by  what  indirect  methods  the  difficulty 
of  its  want  of  solvent  power  over  tliat  earthy  body  is  ccmpcnaated  for. 
The  faiUd  period  of  the  life  of  bu^ds  fiu-niahes  an  example.  In  the  egg 
(here  is,  of  course,  whatever  is  wanted  for  the  devfiopment  Development 
of  the  young  animal;  for,  merely  by  the  process  of  inculia-  jJ^„^oririn 
tion,  or  submitting  the  egg  to  a  due  tcmpemture  for  a  suita-  wfiu  puts, 
ble  Icjigth  of  time,  with  the  access  of  atmospheric  air,  the  young  chicken 
forms,  with  all  its  parts  complete — its  bony,  muscular,  nervous  systems, 
feathers,  beak,  claws.  Tlie  phosphntc  of  lime  required  for  the  skeleton 
is  not  present  as  audi,  but  is  formed  as  incubation  goes  on ;  for  in  the 
yolk  there  is  free  phosphorus,  to  which  the  air  tinds  access  through  the 
pcr\'ioaH  shell,  and,  effecting  its  oxidation,  phosphoric  acid  is  the  result. 
This  reacts  on  the  carbonate  of  lime,  of  which  the  shell  consists,  decom- 
poses it,  and  the  phosphate  of  lime  forms.  For  this  reason  we  obscr^'e, 
OS  the  incubation  proceeds,  that  the  shell  becomes  lighter  and  thinner. 
The  albuminous  iluid  which  constitutes  the  wliite  of  the  egg  has  little 
power  of  liolding  bone-earth  in  solution  ;  but  by  manufacturing  the  salt 
in  this  manner,  as  it  is  wanted,  the  development  of  the  young  bird  goes 
on  without  ditHculty.  To  insure  the  due  supply  of  oxygen,  an  air-bub- 
ble Is  placed  at  the  broad  end  of  tlie  e^Q^  so  that,  slionid  any  transient 
ctrcumstancc  inteifere  with  the  passage  of  air  through  the  pores  of  the 
■holl,  there  is  a  little  reservoir  of  that  material  on  which  to  rely. 

The  mammalia  find  in  milk  all  lliat  they  need  in  their  infantile  life 
for  Ihwr  nutritive  purposes.  In  the  same  manner  birds,  in  their  foetal 
life,  have  whatever  they  require  in  the  egg.  For  the  former,  casein  is 
the  nutritive  element;  for  the  latter,  albumen.  In  both  cases  a  ready 
transiDutation  of  that  clement  into  muscle-fibrin  occurs. 
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At  A  matarer  period  of  life,  animals  may  he  divided  into  two  groaps, 
carnivorous  and  herbivorous,  or  those  which  feed  exclusively  on  flosb, 
and  iliose  wliich  feed  on  vcgetalile  salistanoes.  IJctween  these  may, 
perhaps,  be  introduced  a  minor  group,  partaking  of  tlie  manner  of  lite  of 
both. 

The  comivoroas  animal  Bnds  in  its  prey  nil  that  is  required  for  nu 
Kntriiion  of  ^*"^  ^^^  *^^*  discliargc  of  its  functions.  Digestion  nnder  thcW 
cBmiroroiu  circiunstances  is  reduced  to  its  simplest  conditions,  and  is 
scarcely  more  than  a  process  of  solation.  In  the  stomach  the 
fibrin  is  brought  into  a  soluble  form ;  in  the  duodenum  the  fats  arc  re- 
duced to  an  emulsion.  The  digestive  apjMuratus  lias  l)ut  little  complexi- 
ty. The  stomach  may  1)c  regarded  as  a  mere  enlargement  or  pouch  npon 
the  alimentary  canal,  having,  along  witli  the  intestine,  the  office  of  biing^^ 
ing  the  food  into  such  a  condition  that  it  can  Ihj  taken  up  by  the  \'eini^| 
and  lactcals,  and  so  pass  into  tlie  circulation.  The  various  constituents 
now  revert  into  the  same  stale  in  which  thoy  were  before  digetition  be- 
gan, the  fibrin  aiding  in  the  repair  of  the  wasted  muscular  tissues,  and 
the  fats  being  deposited  in  the  adipose  cells.  Tlic  bone^,  feathers,  and 
other  such  matters  as  have  not  been  dissolved  by  digestion,  are  cast  out 

In  the  production  of  heat  and  motion  the  carnivorous  animal  consamca 
itself,  and,  through  the  oxidation  incessantly  going  on  by  means  of  the 
air  introduced  by  respiration,  carbonic  acid,  ammonia,  water,  snlpharic 
and  phosphoric  acids  are  constantly  forming. 

On  a  superficial  view  it  might  be  supposed  that  in  the  other  gron 
Nairition  of  ^^^  herbivorous,  the  case  is  quite  different.     These  Bcem  tfl" 
)i«rbivoroua   Spend  all  their  lives  in  obtaining  food.     1'ho  ox  or  the  horse, 
"'"  put  out  into  the  pastures,  is  all  the  day  long  cropping  the 

grass.  On  a  comparison  of  the  qxiality  and  nature  of  the  food  which 
they  take  with  tlie  substances  of  which  their  bodies  consist,  tlicrc  secma 
to  be  nothing  in  common.  It  was  not,  therefore,  without  reason  tJiat  the 
earlier  jthyHidlogiHtH  !ni])uted  to  the  digestive  organs  of  this  class  the 
power  of  fumiing  tlcjdi  and  blood  from  vegetable  matters.  When,  how- 
ever, wc  come  to  n  critical  examination  of  the  facts,  we  find  that  there  is 
no  essential  difference  between  them  and  the  carnivora. 

When  the  expressed  juice  of  vegetables  is  permitted  to  stand  for  a 
t'mie,  though  it  may  have  been  dear  at  first,  a  turbidity  sets  in,  and  a  flaky 
material  is  dc|K)sitcd.  The  substance  thus  jwsscssing  the  jmwer  of  spon- 
taneous coagulation  is  identical  in  tliat  property,  and  in  composition,  with 
animal  fibrin.  After  its  deposit,  if  the  clear  liquid  bo  warmed  to  near  the 
boiling  point,  it  again  becomes  turbid,  and  a  second  nitrogenized  sulv 
stance  subsides,  wlueli,  from  its  quality  of  coagulating  by  rise  of  tempera- 
ture and  its  analysis,  is  inferred  to  be  identical  with  animal  albumen. 
When  this  has  been  separated  by  filtration  or  otherwise,  and  the  juice  is 
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slowly  evaporated,  ihere  come  on  its  surface  skins  ot'  a  body  having  the 
eanic  qualities  as  casein ;  so  fibrin,  albumen,  and  casein  pre-exist  in  plants. 

Fatty  matters  of  every  description  may  also  be  extracted  from  vege- 
table products.  From  leaves,  seeds,  bark,  wood,  etc.,  oleaginous  bodies 
can  be  obtained  by  the  action  of  sulphuric  ether,  which  removes  the  fat, 
and  leaves  it  on  subsequent  evaporation. 

It  being  thus  understood  that  the  food  of  the  graminivorous  animals 
contains  nitrogcnized  bodies  and  fats  ready  formed,  we  have  clearer  views 
of  the  function  of  digcstiou  in  those  tribes.  It  is  not  necessary  to  im- 
■  pate  to  tbeir  digestive  organs  the  power  of  creating  ficsh  and  fat  from 
vegetable  matter.  The  office  of  the  animal  is  merely  to  collect.  The 
two  groups  being  compared  together,  the  carnivorous  animal  receives  uq- 
der  less  compass  the  required  amount  of  nutrition,  and  its  digestive  ap- 
paratus is  more  compact.  But  the  graminivorous  animal  must  all  tho 
daylong  collect  large  quantities  of  food,  out  ofwliich  it  may  extract  tho 
little  nutrient  matter  they  contain.  The  carcass  of  an  animal,  seized  by 
a  lion«  is  almost  all  digestible,  but  it  would  require  a  very  large  amount 
of  herbage  or  of  grain  to  be  supplied  to  an  ox  to  make  up  tfic  same  (quan- 
tity of  albumen  or  fat.  Hence  the  necessary  complexity  and  size  of  the 
digestive  organs  of  the  herbivorous  group,  and  hence  many  of  their  hab- 
its of  life. 

Horeorcr,  we  see  that  even  in  tliis  apparently  extreme  case  the  ani- 
mal system  does  not  clearly  exhibit  any  quality  of  exerting  Foodfonned 
a  formative  action,  nor  of  grouping  atoms  into  a  state  of  d'^{^v"'JJ,y 
higher  organization.  It  {msscsscs  no  special  power  of  mak-  uiiuiaifl. 
ing  flcah.  To  the  vegetable  world  we  have  to  look  as  tiie  great  forma- 
tive agent.  In  the  organism  of  plants  the  various  compounds  wanted 
by  animals  arc  fabricated.  Animals  destroy  those  compounds,  and  In 
so  doing  maintain  a  high  temjieraturc,  irrespective  of  atmospheric  con- 
ditions, and  give  rise  to  the  phenomena  of  motion  and  intellectuality. 

Universal  experience,  as  well  as  direct  experiment,  proves  that  in  the 
case  of  man  health  can  not  be  maintained  on  a  uniform  diet,  however  it 
may  be  with  animals.  A  mixed  food,  wlitch  varies  from  time  to  time, 
Beems  to  bo  essctilial ;  and  tlicre  can  not  be  a  doubt  that  the  cltanges 
which  physicians  have  recognized  in  the  naturc  of  the  predominating  dis^ 
eJuies,  from  century  to  centurj',  arc  connected  with  changes  which  have 
taken  place  in  the  naturc  of  tlie  diet.  Tiio  introduction  of  tea,  coiTee, 
tho  potatoe,  and  tobacco,  must  have  made  a  marked  impression  in  these 
respectB. 

Undue  oxcesscs  of  albumen,  oil,  or  starch,  in  tlie  diet  of  an  individual, 
produce  a  liabiUty  to  arthritic,  bilious,  and  rheumatic  aifco-  Kccowiirof  a 
liooa.    An  abstinence  from  fresh  vegetables  and  fruits  dcvel-  ".n'^.Ja'iJ^ 

I  Boorbutic,  and  a  deficiency  of  oleaginous  materials  scrofu-  ufouokiu^'. 
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Ions  disease  It  i&  evidctit  that  a  control  over  thc£e  affections  may  be  ob- 
tained, or  even  their  cure,  to  a  considerable  extent,  accompliabed*  by  suit- 
able changes  in  the  nature  of  tlic  food.  This  is  strltuugly  seen  in  the 
imjirovemcnt  of  the  liealth  of  sailors  during  long  voyages,  since  the  intro- 
duction of  vegetable  preparations  or  acid  juices.  In  1726,  Admiral  Ho- 
sier sailed  from  England  to  the  West  Indies  with  seven  ships  of  the 
line,  and  lost  his  whole  crew  twice  by  scur^-y.  The  circumnavigation 
of  the  globe  is  now  often  accomplished  withoni  the  loss  of  a  single  man. 

I  have  already  remarked  llie  insufficiency  of  the  tables  setting  forth 
the  value  of  articles  of  food  as  dependent  on  their  chemical  constitution. 
Such  tables  are  of  little  use,  agriculturally,  in  the  case  of  animals,  and 
still  less,  physiologically,  in  the  case  of  man.  The  art  of  cooking  does 
not  minister  alone  to  the  grati&cution  of  the  palate,  it  lends  a  real  assist- 
ance to  the  opcnttion  of  digestion.  New  elements  may  not  have  been 
added,  nor  existing  ones  removed  in  submitting  the  food  to  the  action 
of  a  high  temperature,  yet  such  a  change  is  thereby  impressed  upon  it 
that  it  becomes  more  capable  of  digestion,  and  raoro  subservient  to  the 
wants  of  the  economy. 

In  determining  tlio  absolute  quantities  of  nutrient  substances  rcqu 
Tl»«»»oliiw  ^y  *^'®  '*y8*^"'»  Lchmann  observes  that  there  arc  three 
quotiijr  «f  nitudes  wliich  we  arc  especially  called  upon  to  consider :  the 
first  is,  the  quantity  of  food  requisite  to  prevent  the  animal 
sinking  from  starvation  ;  the  second  is,  that  which  atibrds  the  right  sup- 
ply of  nourishment  for  the  perfect  accomplishment  of  the  timctions;  and 
the  last  is,  that  which  indicates  the  atnouiit  of  nutrient  matter  which 
may,  under  the  most  favorable  circumstances,  be  subjected  to  metamor- 
phosis in  the  blood.  The  method  of  finding  the  minimum  of  food  nec- 
essary to  support  life  by  stopping  all  supplies  without,  and  determining 
the  quantities  of  matters  which  ihc  organism  \iscs  by  the  excretion  of 
urine,  faeces,  expired  and  transpired  products,  though  it  has  yielded  re- 
sults of  the  utmost  importance  to  science,  ia  nevertheless  not  altogether 
reliable,  for  in  such  a  state  of  inanition  the  8y»tem  is  hrougltt  into  a 
morbid  condition,  or,  at  all  events,  is  not  acting  in  a  normal  way.  More- 
over, much  de|iends  on  tlic  activity  with  which  the  various  functions  are 
carried  forward,  a  necessity  for  nourishment  increasing  with  increase  of 
external  activity.  And  as  to  the  amount  of  food  demanded  for  tho 
maintenance  of  the  system  at  its  standard,  it  must  be  borne  in  mind 
tiiat  of  the  four  classes,  the  carbohydrates,  the  fata,  the  albuminous  mat- 
ters, and  the  salts,  no  one  alone  will  answer  the  purpose,  but  all  must 
be  employed  together,  and  this  in  variable  proportion,  according  as  the 
local,  and  tlierefore  variable,  wastes  of  tho  system  may  have  been.  These 
considerations  indicate  how  complicated  the  problem  we  have  in  view 
really  is. 
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From  the*  oxpcriinciita  of  Botissingaull  wUli  reference  to  fat,  and  of 
BitUlcr  nnd  (ScitmiiU  witli  reference  to  tlie  ulliuminates,  and  Maximiirn  lim. 
of  Yon  Becker  with  reference  to  the  carboliydrptcs,  wc  learn  Jil'rJw;;?','^; 
only  definite  (]uantitics  of  tlie^o  substances  can  be  ab-  mcLUoffood. 
ibcd  by  tl«^  iitte.stine  in  definite  jjeriods  of  time.  Tbis  niaxlinum  limit 
is,  however,  iai  more  tiian  the  nccc^itics  of  the  system  require ;  hence  in 
overfeeding,  thongh  much  of  the  excels  of  food  passes  awny  with  the  cx- 
ctcment,  a  very  large  portion  i?,  as  it  were,  needlessly  absorbed,  and,  un- 
dergoing inetamor{ihosis  in  the  blood,  is  removed  by  the  kidneys.  To 
ihb*  portion  Ijchmann  applies  the  designation  introduced  by  Schmidt^ 
Iu2lUb  cou5nmption,  or  su]]crfiuouB  consumption.  Of  course^  the  simple?! 
condition  under  which  wo  can  investigate  the  normal  quantity  of  food 
required  is  that  of  an  invariable  weight,  imd  the  difficultiea  of  the  inquiry 
arc  increased  when  growth,  corpulence,  pregnancy,  or  other  such  states, 
arc  included. 

Though  we  arc  very  far  from  being  able  to  olTcr  a  complete  solution 
of  the  problem  of  the  amount  of  food  required,  in  its  most  general  sense, 
^•et,  through  the  labors  of  many  chemists,  we  have  accumulate*!  several 
filers  wliich  have  a  bearing  on  this  queatioiu  Thus  it  Is  knowTi  that  albu- 
mioous  substances  alone  can  not  be  absorbed  in  quantity  cnougli  to  com- 
penaatc  for  the  loss  of  carbon  by  respiration.  A  duck,  as  is  shown  by 
Boossinganl I,  exj)inw  in  one  lioiir  l.S.O  grammes  of  (airlmn,  but  cm  only 
absorb  of  carbon  iujdlmminulcs  1.00  gramme.  So,  in  like  manner,  lat  nlonc 
ia  inadequate,  for  of  tliis  substjmcc  U.84  gramme,  containing  about  0.70 
gnmuiie  of  carbon,  can  only  bo  taken  up  in  an  hour,  and  this  is  not  much 
more  than  half  of  what  the  respiratory  operation  demands.  Tlie  carbo- 
hydrates, however,  can  l>o  absorbed  in  sutficieut  projmrtion,  and  in  this 
nujced  manner  ore  all  tlie  requirements  satisfied.  Boussingault  makes 
the  cnrlnus  remark  that,  in  the  quantity  of  starch,  5.20  parts,  and  the 
quantity  of  sugar,  5.62  parts,  which  this  bird  can  absorb  in  one  hour, 
there  arc  nearly  the  same  quantities,  2.37,  of  carlwn. 

Among  the  specinl  investigations  which  have  been  made  to  determine 
the  amount  of  food  used  and  the  amount  of  oducts  from  the  j^jntmntot 
ajvtcm,  should  be  mentioned  that  of  Valentin  upon  himself,  f'^^.  "'"i 
His  weight  was  117  lbs.;  his  diurnal  consumption  of  food, 
C.'i^I  lbs.;  solid  excren^ent,  .42  lb.;  urine,  4.G8G  lbs.;  and  2.751  Ibe. 
perspiration.  From  the  more  recent  and  very  exact  experimental  of  Bar- 
nl^  it  is  inferred  that  of  100  grammes  of  carlion  which  have  been  ab- 
sorbed into  the  organism,  91, .51*  escape  as  carbonic  acid  through  the  lungs 
and  skin,  458  appear  in  the  urine,  and  3.83  arc  re-cjccretcd  and  appear 
in  the  fa>c(^  Upon  similar  principles,  Lchmnnn  computes,  trom  the 
data  furnished  by  Burral,  that  for  every  100  jwrts  of  absorbed  nitrogen, 
■iO.G  ports  are  removed  through  the  skiu  and  lungs,  42.07  arc  found  in 
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the  urine,  and  8.33  are  re-excreted  into  the  fieces.  As  a  general  resnlt, 
it  follows,  from  these  experiments,  that  an  adult  man  oxidizes,  on  an 
average,  289  grammes  of  carbon,  and  18.6  grammea  of  hjdrc^en  in 
twenty-four  hours. 


CILVPTER  IIL 

or  DIGESTION. 

TiaBUB-MAXIMa  OB  HISTOOSmTIC   DlOXSnOV. 

Natvrt  of  Digestion.—  TU  Mavtk,  7>rfA,  Stamadi.—  The  SaBeary  GlimdM.—Differmt  KM»  tf 
SaBra. — Pny)«rtiet  of  mtsed  Sa&ra  :  it*  Qinatitjf,  CbmpontioR^  <md  Fimetiam*. — Sek^am  af 
the  Salivaty  Gland*  md  Kidney*.— TKe  diffettivt  Tract. — 7^  StomaeL — Gattric  Jaiee.— 
Organ*  far  it*  Preparation. — Manner  of  producing  Chyme. — Injtmence  <^  tim  Nerve*. — Arti/i' 
riai  £)ige*tiom. — J'reparation  and  Propertie*  of  I^rpttn. — Regiomai  and/ioKtiomal  Divitiom*  of 
the  Stomach  in  Animaia  and  in  Man. — Object  ofStomaek  iMgettion, — Peptoma, — Uae  ofSak. 
— Dige*tibi&ty  of  varum*  Articia  of  Food. 

Before  the  food  can  be  absorbed  and  carried  to  all  parts  of  the  sys- 
Xatara  of  tem  it  most  be  submitted  to  certain  preparatoiy  operations. 
digeatioo.  ginco  it  IS  either  to  be  dissolved  in  the  blood  or  transported  as 
chyle  through  the  lacteal  vessels,  it  is  absolutely  necessary  to  bring  it 
into  a  condition  of  solution  in  water,  or  at  least  into  a  state  of  minute 
suspension  in  that  liquid.  Received  in  masses  of  a  certain  size,  it  is 
first  cut  and  crushed  into  smaller  portions  by  the  teeth,  and  then  bronght 
from  an  insoluble  into  a  soluble  or  suspended  state  by  the  chemical  ac- 
tion of  the  digestive  juices. 

In  the  mouth  the  food  is  submitted  to  a  twofold  preparation.  It  is 
Fanctions  of  divided  by  the  mechanical  action  of  the  teeth,  and  also  simul- 
tba  mouth,  tancously  mingled  with  liquids  secreted  from  the  salivary 
glands. 

The  animal  series  present  us  with  numberless  contrivances  for  accom- 
plishing this  comminution.  The  teeth,  though  of  a  bony  nature,  are  not 
to  be  regarded  as  appertaining  to  the  skeleton,  but  rather  to  the  digestive 
mechanism.  Their  structure,  number,  and  position  differ  very  much  in 
different  tribes.  In  certain  fishes  the  mouth  is  almost  lined  with  them. 
In  crabs  they  extend  to  the  stomach,  but  in  other  cases  they  are  restrict- 
ed to  the  pharynx,  or  are  wholly  absent ;  this  being  the  case,  for  instance, 
among  the  ant-«at«rs.  Those  insects  whose  food  is  of  a  fluid  nature  have 
iDstmineiitsof  no  need  of  teeth ;  but  those  which  use  solid  material  are  ao- 
commination  commodated  with  suitable  instruments  of  abrasion,  such  as 
mila.  borers,  chisels,  saws,  nippers,  the  particular  mechanism  re- 
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Kortod  to  being  adapted  to  tlie  nnturc  of  the  food.  It  is  to  he  undersiooJ 
that  these  Tneclinnical  terms  arc  not  mere  metapliors,  tlioy  indicate  the 
actUAl  nature  of  the  apparatus.  The  object  aimed  at  is  to  obtain  the  food 
in  such  small  portions,  and  in  such  a  bruised  or  pulpy  condition,  that  di- 
gestion can  be  accomplished  promptly.  In  man  tlie  number  of 
temporary  teeth  is  twenty^  ten  in  each  jaw.  They  arc  arranged 
in  llircc  dosses — four  incisors,  two  canines,  and  four  molars  for  tlie  up- 
per and  under  jaw  respectively.  The  permanent  teeth,  which  are  eventu- 
ally substituted  for  these  temporary  ones,  arc  thirty-two  in  number,  elass- 

iticd  lor  each  jaw  as  four  incisors,  two  ca- 
nines, four  bicuspids,  and  six  molars. 
Their  arrangement  is  exemplified  in  J*iff^ 
1,  representing  the  lower  jaw,  in  which 

L^^ftb^^^KJL  i  is  the  middle  and  lateral  incisor,  <*  tho 

'vj^^^nWB32l'5'"Tl^s     canine,  b  tho  two  bicuspids,  and  ?n  tho 
m^fkhBt^f^fjlM'     three  molars. 
^JM^^^E^^^riU^K  The  movements  of  the  teeth,  aided  by 

^^^^C^^^2S!^^^  those  of  the  tongue,  accomplish  a  due 
^^^^^^^^^  abrasion  of  the  food,  and  Bimultancouslr 
The  liiiiuau  lowor  j««,  .  •  -   i       i  i-  rm  •      - 

incorporate  it  with  tlie  saUva.  Xlus  is, 
tbereferCt  a  purely  mechanical  operation.  It  is  analogous  to  Mpf|,on[e„in». 
the  methods  to  whicli  chemists  resort  in  their  laboratories  t<ir«urmutjc«- 

Ptrhen  thev  prepare  sohd  materials  for  os|>osurc  to  reagents. 
The  mingling  of  food  witii  saliva,  or  inaalivation,  eflects  a  double  ob- 
ject.     Coated  over  with  a  glairy  juice,  the  bruised  substance  passes 
k   along  the  oirsophageal  tube  into  the  stomach ;  but  there  are  also  certain 
p   cbcoiical  changes,  wliieli,  commencing  in  the  mouth,  ore  of  essential  im- 
portance to  the  completion  of  digestion. 

The  stomacli  is  an  ejcpansion  of  the  alimentary  canal  between  the 
tBSOphflgna  and  duodenum,  of  a  conical  figure^  the  base  of  p^^rjpji^^n  gg 
wkiv^  is  to  the  left.     It  communicates  with  the  a?Bophagus  ibc  huinnu 
by  ita  cardiac  orifice,  and  by  its  pyloric  with  the  duodenum.  "'""*   • 
It  conwsta  of  three  coats  or  tunics  —  the  serous  or  peritoneal,  which  is 
exterior ;  the  muscular,  which  is  intermediate ;  and  the  mucous,  which  is 
interior.     They  are  connected  with  oacli  other  by  cellular  tissue.     The 
^  fibres  of  the  muscular  coat  nin  in  tlirec  difierent  directions,  constituting 
H  time  layers;  the  superficial  ones  arclongitudinal,radiatingfrom  the  oesoph- 
H  agOA  over  the  surface  of  the  organ ;  those  of  the  middle  layer  arc  circular, 
"  or  ring-like ;  they  are  well  developed  about  the  middle  of  the  stomach, 
and  by  their  contractions  sometimes  make  it  assume  a  divided  appear- 
ance, OS  tbongh  composed  of  two  compartments.     Toward  the  pylorus 
ihey  are  also  grcallv"  rcscnforced.     The  fibres  of  the  thinl  layer  take,  for 
tba  most  part,  au  obUque  direction.     The  interior  or  mucous  coat  is  some- 
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lime.<i  tpriued  the  tHIous,  from  its  Tclvctjr  appearance.  Its  color  U  rtxf 
variable;  it  is  folded  into  nigip,  which  admit  of  vnriationa  in  the  disten- 
tion of  tlie  slonioch,  withoat  intcrtVrcncc  with  tlie  stmctuic  or  functions 
of  the  membranes  of  which  they  arc  u  part.  The  cardiac  oriiict.'  is  pli- 
cated, and  the  opening  into  the  duodenam  is  through  a  circular  fold  with 
a  cenfnil  n|K;rtuK' — tlie  pyloric  valve,  which  being  sunoanded  wiih  a 
band  of  muscular  Hbrca,  acting  aa  a  sphincter,  the  passage  from  the  etom- 
och  to  the  intestine  may  be  entirely  obstructed. 

The  stomach  is  socn  in 
section  /ly.  2,  a  being  the 
oesopliagns;  ^  the  greater 
extremity  ;  c,  the  smaller 
curraturc;  d^  tlic  great 
curvature;  e,  the  pyloric 
or  less  end;  /",  A,  the  du- 
odenum ;  ff,  place  of  entrj* 
of  the  ductus  commums 
choledochus  and  pancre- 
atic duct.  The  place  of 
junction  of  the  asopbagus 
is  the  cardiac  rc^n:  the 
membrane  is  there  plicated.  Tlic  place  of  junction  of  the  dnodcnum  is 
the  pyloric  region. 

The  tyj>ieal  form  of  the  digestive  apparatus  is  a  sac  with  one  aperture, 
IWtorUie  which  pcr\'c«  the  double  purpose  of  affording  an  rntranee  to 
•loDitch.  nutritive  material,  and  an  outlet  to  uudigCitted  renmins.  In  a 
liighcT  condition  it  may  be  conceived  of  as  a  tube  open  at  both  ends,  and 
having  n  sac-like  swelling  on  its  middle  pari.  The  portion  of  the  tube 
anterior  to  the  sac  ia  the  ty]ie  of  the  cesophagus,  its  ajxrtuTc  answering 
to  the  mouth,  the  sac-like  swelling  being  the  type  of  the  stomacli,  and  the 
tuljc  leading  from  it  representing  the  intestinal  canal.  In  the  more  elfr- 
meutary  of  such  fonns,  vessels  arise  from  the  walls  of  the  digestive  cav- 
ity, and  pass  to  all  other  parts  of  the  system.  These  8er\e  to  convey  the 
elaborated  materiul.  Certain  a]>ix'ndagcs  are  soon  to  be  discovered  in 
comiection  with  tliis  simple  digestive  mechanism.  They  arc  lor  the 
preparation  of  salivary,  gastric,  pancreatic,  or  biliary  juices.  In  size  or 
development  they  vary  with  tlie  habitn  of  life  of  the  animal,  or  with  the 
nature  of  its  food.  Indeed,  the  same  remark  may  be  made  as  respects 
the  entire  digestive  tract  of  the  highest  tribes.  Thus,  in  the  bat  the 
length  of  the  uitestino  is  to  tliat  of  the  body  as  three  to  one,  but  in  the 
sheep  OS  twenty-eight  to  one.  The  ruminants  generally  have  an  intes- 
tinal tube  of  great  length.  In  man  and  in  monkeys  the  proportion  is 
about  tive  or  six  to  one.     Again,  as  regards  construction,  there  are  many 
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diversities,  the  numljcr  of  digeativc  dilatations  an  J  their  size  corre8|)oml- 
iog  in  some  measure  to  the  nature  of  The  food. 

Thn'c  pairs  of  glands,  the  parotid,  submaxillary,  and  sublingual,  so- 
crclc  saliva.  Of  these  orgiuis  tlic  parotid  is  the  largest;  its  nifff-rentkindi 
Mcrction  w  dclirered  tlirough  the  duct  of  Stcno.  The  sub-  of  "!''•«■ 
m&xitlnry  durt  is  Wharton's,  but  the  sublingual  pours  its  iluid  t]ux)ugh 
many  smali  apertures  near  the  frenum  lingua:.  Besides  (hew  proper  sali- 
xnA,  the  lining  membrane  of  the  mouth  yields  a  fluid,  tlie  buccal  mucus. 

The  parotid  saliva  L*  tliiii  and  watery,  limpid  and  colorless,  inodorous 
and  tasteless.  Secreted  during  fa^^ting  or  under  the  use  of  Tb^paraUdH* 
stifnulatin<;  food,  it  is  denser.  It  contains  so  laige  a  quanti-  •'^'•■ 
ty  of  lime  that,  on  exposure  to  the  air,  it  becomes  covered  with  an  in- 
crustation of  the  carbonate  of  that  substance  It  also  contains  sulpho- 
cyniiide  of  potassium.  Its  organic  ingredient,  if  not  olbamiuatc  of  soda, 
closely  resGUibica  that  body. 

From  the  chemical  constitution  of  the  saliva  of  the  parotids,  the  phys- 
iological function  of  tho.se  glands,  as  ar[tiijKUY)uii  organs,  is  estabhshcd. 
Thqr  yield  a  certain  quantity  of  watcrj'  juici\  ivliich,  by  reason  of  its 
tfahmess  or  fluidity,  is  readily  incorporated  with  the  food  by  the  teeth. 
Parotid  saliva  appears  to  have  no  power  of  transmuting  starch  into  sugar. 

The  subnia-xillar)'  sahva  is  also  colorless  and  lunpid,  tasteless  and  in- 
odorous. It  contains  no  morphological  elements.  It  is  xhc  lutimaxtl- 
lightcrthan  the  parotid,  leas  alkaline,  and  contains  less  lime.  IwynJivn. 
For  this  reason,  when  exjMised  to  tlie  air,  it  docs  not  become  incnisted 
with  carbonate  of  tliat  earth.  It  contains  sulphocyanidc  of  potassium. 
It  is  so  viscid  and  glutinous  that  it  may  bo  drawn  into  threads.  From 
thi»  physical  property  it  probably  facilitates  deglutition  by  furnishing  a 
kind  of  anti-friction  coating. 

Thft  sublingual  saliva  is  thin  and  water}',  containing,  like  the  parotid, 
but  a  small  percentage  of  solid  matter,  and  probably  dis-  riie  faWlnguil 
charging  a  similar  function.  mUv*. 

I  Besides  the  special  salivary  juices,  the  lining  membrane  of  the  mouth 
pours  forth  a  liquid — tlie  buccal  mucus — a  thick  and  tcna-  The  buccal  nnu 
ciouB  substance,  having  many  citithcUal  cells.  It  is  alkaline  <=•"• 
in  its  reaction,  docs  not  coagulate  on  heating,  its  insoluble  salts  contain- 
ing no  carbonate  of  Ume-  It  lias  l>cen  obtained  for  examination  liy  tying 
the  ducts  of  Stcno  and  \Miarton,  keeping  tlie  nostrils  o^ien  and  tlie  head 
inclined,  so  lliat,  the  animal  being  unable  to  swallow,  the  mucus  tlows  out 
of  the  mouth. 

The  buccal  mucus,  if  mixed  witli  parotid  saliva,  does  not  appear  to 
possess  the  power  of  turning  starch  into  sugar,  but,  if  mixed  with  tlie 
flubnuudlUry  accretion,  it  accomplishes  that  transmutation  with  facility. 

The  aaliva,  as  obtained  from  the  mouth,  is  therefore  a  mixture  of  tlio 
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ficcretiona  of  tbe  various  salivarr  glands.  It  may  be  doubted  whetlia 
propertiFtor  the  method  of  obtaining  it  sometimes  recommended,  bv  mak- 
mUcd  uUvu.  jjjg  pressure  under  the  cliin  and  tickling  the  £iaoea  with  a 
feather,  jHelds  it  of  normal  amstitntion.  It  is  de.scribcd  as  an  alkaline 
jaicc,  of  .1  bluish  color  or  colorless,  in  consistency  glairy,  readily  frolh- 
ii^,  and  therefurc  well  adapted  fur  entrapping  atmospheric  air.  It  con* 
tains,  of  solid  matter,  from  0.<^<S  to  0.841  [>er  cent.  h»  alkali  appears, 
for  the  most  part,  to  be  combined  willi  an  organic  substance,  ptyaline, 
from  which  it  may  l>e  separated  by  the  weakest  acids,  such  as  carbonic. 
In  the  Rsh  of  saliva  the  alkali  oeeura  chiefly  as  phosphate:  this  arises  from 
rearrangement  of  the  constituents  during  incineration.  The  saliva  con- 
tains but  a  trace  of  alkal'me  sulphates,  the  chlorides  of  soditmi  and  potas- 
sium prepondexating  over  all  the  otlicr  mineral  ingretlients. 

On  standing,  saliva  separates  into  two  layers :  a  transparent  one^  which 
is  supernatant,  and  a  grayish  turbid  one  below,  which  consists  of  a  de- 
posit of  particles  of  pavement  epitheliimi  and  mucus  corpuscles,  derived 
from  the  lining  membrane  of  the  moutli  and  tbe  sativaiy  ducts.  Its 
clicmical  reaction  varies  to  some  extent  with  the  state  of  the  system ;  thus, 
after  long-continued  lasting,  from  being  aikahnc,  it  may  approach  tlie  ncu- 
tnd  state.  By  some  it  is  a5sertc<l  that  under  these  conditions  it  may 
even  become  acid.  There  is  no  proof  tliat  this  is  owing  to  the  appear- 
ance of  lactic  acid :  it  may  be  due  to  butyric  acid,  or  even  the  acid  phos- 
pliate  of  soda.  In  morbid  conditions  llus  reaction  is  by  no  means  infre- 
quent: it  has  Iteen  commonly  oljser>'ed  in  inteslinnl  iutlnmmation,  acute 
rheumatism,  intermittent  fever.  Donno  and  Frerichs  assert  that  acidity 
of  the  saliva  depends  on  an  irritation  of  the  buccal  mucous  membrane. 

The  specific  gravity  of  mixed  saliva  varies  from  1.004  to  1.009,  ,  These 
variations  depend  on  many  different  causes,  there  being  a  diminution  after 
Ihc  taking  of  drink,  and  a  greater  increase  after  taking  tbod,  than  even  is 
observed  in  the  fasting  state.     An  animal  diet  especially  increases  it. 

Under  ordinary  circumstances,  the  saliva  is  secreted  to  an  amonnt  of 
Qu»niliy  of  from  15  to  20  ounces  daily.  TIic  exuilation  is  more  copious 
nllvB.  during  ranstieation,  sjx'aking,  reading,  more  being  produced  by 

the  use  of  hard  than  soft  food.  Mental  emotions  exert  a  control  over  its 
flow,  sometimes  diminishing  it,  as  in  momcjits  of  anxiety,  sometimes  in- 
crwiising  it,  as  by  the  anticipation  of  food.  After  eating,  the  flow  contin- 
ues to  a  considerable  extent ;  it  is  also  provoked  by  the  use  of  aromatics. 
On  irritation  of  the  interior  of  the  stomach  through  a  gastric  fhstula,  the 
flow  is  simultaneous  with  that  of  tlie  gastric  juice. 

TIic  movements  of  the  jaw  and  the  pressure  of  the  food  give  rise  to  va- 
riations in  the  quantity  of  saliva.  It  is  perhaps  for  these  reasons  that  the 
jiarotid  gland  on  that  side  of  the  month  which  is  most  used  in  masticition 
secretes  more  than  the  other.     Of  the  proportion  of  the  different  kinds  <rf 
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[salira  in  the  mixed  secroiion,  nothing  is  known  witli  certuinty  in  the  case 
of  marif  but  it  is  said  that  in  horses  tlie  parotids  fiimifih  two  thirds,  the 
enbniaxiUaries  one  twentieth,  and  the  sublinguaU  and  mucous  folHcles 
the  rest.     The  secretion  of  the  saliva  goes  on  during  Bleep. 

To  the  acti^'e  organic  nubatoncc  of  the  saliva  the  designation  of  plya- 
line  has  been  given.     It  is  regarded  as  a  ferment,  possessing  in 
BCTcral  respects  the  properties  of  diastase,  and  hence  has  }xcn. 
called  by  Mialhe  diastase  salivaire. 

For  the  ]>urpose  of  analysis,  saliva  should  be  obtained  in  a  perfectly 
fresh  state^  a  condition  not  easily  fulfilled,  for  it  decomposes  or  changes 
with  rapidity. 

During  these  cliangcs,  alkaline  carbonates,  for  example,  are  formed  in 
abundance,  though  they  may  have  existed  hut  to  a  small  extent  at  first. 
We  have  already  seen  that  in  tliis  way  parotid  saliva,  ex-  Connitatloo uf 
posed  to  the  air,  yields  crystals  of  carbonate  of  Unic,  The  ►»!'*»- 
following  tabic  is  presented  as  offering  an  example  of  the  average  consti- 
tution of  mixed  saliva. 

Owatittaknii/' tit  SaKea  (/VeWrA*), 

Wiuer 9M.10 

Kpiihelium  fto<l  mneos 2.18 

Fat .07 

Ph'alino  ntiil  alt'tiliul  extract 1.41 

SulphocyniiiJo  of  potassium 10 

Fixed  salt* 3.19 

lUUO.OO 

Of  the  fixed  aalts  the  chief  are,  the  phoisphatcs  of  soda,  lime,  and  mag* 
ncaia,  and  tl»e  chlorides  of  sodium  ond  potassium.  The  sulphocvojude 
of  potassium  vanes  in  amount  considcraLily  :  it  increases  after  meals,  and 
especially  after  the  use  of  condiments,  salt,  pepper,  spices.  Those  arti- 
cles whidi  contain  sulphur,  as  mustard,  garlic,  radishes,  increase  its  amount 
in  a  vciy  marked  manner. 
I  Not  only  does  the  wdiva,  as  derived  from  the  different  glands,  present 
differencefl  of  constitution ;  it  likcwij^c  differs  in  various  ani-  Modifitation* 
mals,  and  in  the  same  animal  according  to  its  age.  This  is  "'  wJiva. 
observed  eveji  m  the  case  of  man.  The  saliva  of  an  infant  at  the  breast 
poMcases  very  litlle  power  of  saccharizing  starch,  a  transmutiition  which 
tiiAt  of  tlie  ajlult  accomplishes  with  energy. 

The  action  of  this  secretion  appears  to  be  limited  to  starch,  and  certain 
j  kinds  of  sngar,  whicli  first  yield  lactic  and  then  butyric  acid.  It  does  not 
f  exert  any  influence  in  transforming  albnminons  matter. 

The  saliva  discharges  many  functions.     It  is  a  necessary  intermedium 
in  the  ncnse  of  taste,  for  substances  to  be  sapid  must  be  more  punctltmi  of 
or  less  soluble  in  this  juice.     If  Insoluble,  they  are  tasteless,  •■li'^"- 
It  aIbo  moistens  the  interior  of  the  mouth,  and  prevents  the  sensation  of 
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dryneps.  But  its  chief  duty  seems  to  te  tliat  of  protnotini^  the  digestif 
opcratiou ;  for,  though  the  food  remains  m  the  mouth  but  a  short  time, 
the  action  of  die  saliva  is  prolonged  after  the  masticated  mass  haa  been 
depoi^itcd  in  the  stomacli.  Though  the  direct  admixture  of  saliva  with 
gastric  jnicc  injure?  the  }K)wcr  of  the  latter,  this  effect  doea  not  ensuo  in 
the  stomach,  since  thoy  act  for  the  most  part  separately.  The  action  of 
the  gastric  juice  is  snpcrticiiU,  and  two  distinct  operations  arc  ihen^rr 
conducted  at  tlw  suitie  moment,  the  surface  of  the  food  duinging  undw 
Action  of  tfao  the  influence  of  the  gastric  juice,  and  the  irmer  portion  \uh\ct 
Unuwl'iii^c  ^"*  of  the  saliva.  I  hcUe%'0  that  in  this  manner  the  saliiin- 
Monad).  juice  Icnds  itself  to  stomach  digestion,  for  it  is  well  knouii 
llmt  by  its  aid  starch  chxmges  into  gTa|ic  sugar,  and  the  transmutation 
does  not  stop  at  tliat  point,  but  goc-s  on  to  the  production  of  luetic  acid.. 
An  acid  juice  is  essential  to  stomach  digestion. 

After  the  ad  ministration  of  halls  of  starch  to  nniraals  in  which 
Pmlo^lon  of    fistulas  liave  been  established,  sugar  may  be  detected  in 
mtgmrTrxtm       gfomach  in  thc  course  of  ten  or  tiftcen  minutes.     It  docs 
■tomnchhyLha  uot  nppcar  that  there  is  any  relotion  between  the  quantity 
■*^''*-  of  saliva  incorporated  by  mastication  and  llie  quantity  of 

starch  la  the  food.  Animals  which  swallow  their  food  without  mastica- 
tion have  either  no  parotids,  or  those  organs  exist  in  only  a  nidimentar}- 
slate;  commonly,  however,  their  submaxillary  glands  ore  large.  Un- 
der the  most  favorable  circumstances,  the  digpstion  of  starchy  food  tSl 
scarcely  ever  complete,  a  considerable  portion  b  ing  found  in  thc  excre- 
ment The  true  function  of  tlio  saliva  has  been  well  illustrated  by  in- 
serting amylaceous  food  into  the  stomach  of  dogs  with  gastric  fistula*, 
aAer  tying  the  salivary  ducts,  in  which  case  no  sugar  ran  be  detected. 

It  has  been  suggested  that  tlie  eventual  arrest  of  the  action  of  sali%*a 
on  reaching  tlie  stomach  may  l>c  duo  to  tlie  digestion  of  its  ptyalino  by 
the  gastric  juice.  In  artificial  experiments,  however,  such  a  digestion 
or  destruction  can  not  be  accomplished,  ^_ 

The  double  digestion,  partly  salivary  and  piirtly  gastric,  occurring  w(^ 
the  stomach,  is  doubtless  one  of  the  causes  of  those  diflbrcnces  wliich 
have  been  noticed  between  tiic  natural  action  of  that  organ  and  thc  arti^H 
ficial  imitations  of  it.     The  influence  of  ttie  saliva,  even  under  thesoU 
which  may  seem  at  first  sight  to  be  unfavorable  circumstances,  is  far 
from  being  trivial,  an  effect  wiiich  is  well  illustrated  by  the  instantane- 
ous manner  in  which  a  solution  of  starcli  in  water,  mixed  with  an  equal 
quantity  of  saliva  and  agitated,  is  transmuted  into  a  solution  of  sugar. 
In  a  few  moments  its  viscidity  is  lost,  it  fails  to  give  the  blue  reaction 
with  iodine,  becomes  sweet  to  thc  taste,  and  readily  answers  to  Trora* 
mer's  test. 

Besides  tlie  duties  which  have  been  mentioned,  the  saliva  incidentally 
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DinpUsbes  a  socondar)'  object  by  its  power  of  rctiuning  gases  in  ita 
.  or  foam.  Atmoapiicric  oxygen  by  ihia  qieans  la  inoor-  p^jj^.^  camoi 
ponited  with  the  food  ciiiring  inuHticution,  and  is  thus  enabled  air  into  tho 
lo  exert  an  important  influence  in  promoting  the  action  of 
tho  gastric  juice.  For  to  the  inception  of  ttiA  change  which  tliat  juice 
impresses  on  the  food*  oxygen  is  ncceBsary.  It  is  brought  into  the  cav- 
ity of  the  stomach  entangled  or  dissolved  in  the  saliva. 

It  has  just  Xiccn  mcntiont^d  that  tltc  action  of  saliva  on  staxcli  is  not  re- 
ctricteit  to  tjie  production  of  sugar,  but  tliaf  it  may  end  in  the  LocUc  add 
formation  of  lactic  acid.  If,  tJierefore,  any  thing  intcn^cnes  to  ""enl-i^of  by- 
check  the  sujjply  of  hydrochloric  acid»  which  usually  gives  drochloric 
aridity  to  the  gastric  jiiirc,  the  syatem  possesses  Y-ithin  itsell'thc  means 
of  oompeosnting  for  the  ditHculty.  In  the  interior  of  the  digesting  mas3 
Uctic  ncid  is  being  set  free.  This  acid,  as  has  long  been  known,  can  re- 
pUco  hydrochloric  acid  in  its  pliysiological  duty. 

Though  so  large  a  quantity  of  saliva  as  20  ounce.s  may  be  secreted  in 
»y,  tliis  being  about  one  lialf  of  the  urinary  tlischarge,  it  is  to  be  ro- 
nbered  that  the  water  is  not  lost  to  the  system^  as  in  the  hitter  case. 
When  the  impure  habit  of  profuse  spitting  is  indulged  in,  it  i>jj_,ii„-  f^. 
is  interesting  to  remark  the  reflected  effect  which  take5  place  f«!t  or  iirofuw 
in  the  rc-iiiKXHl  quantity  of  tlie  urine«  and  an  instinctive  desire 
for  water,  a  kind  of  perpetual  thirst.  It  is  probable  that,  under  these  dia- 
lling ciremnstonccs,  the  jx;rccntngo  amount  of  sfdino  substances  in  the 
vii  is  increased,  and  tliat,  so  far  as  that  class  of  bodies  is  concerned^ 
the  salivary  glands  act  vicariously  for  the  kiihieys,  and  the  mouth  ia  thus 
partially  converted  into  a  urinarv'  aqueduct. 

Tlie  relation  lirtwcen  thr  .salivary  glaii<U  and  the  kidneys  is  vciy  well 
shown  after  the  administration  o£  such  substances  as  the  RcUtioii  Antta 
iodide  of  potassium.  If  five  grains  of  this  salt  he  taken  in  JJ^d^^^ij!" 
pills,  and  the  mouth  be  then  thoroughly  washed,  in  the  oouisc  i»ji>- 
of  a  quarter  of  an  hour  the  saliva  will  readily  strike  a  blue  tint  when 
tested  with  nitric  acid  ami  starch,  but  the  urine  ivill  not  show  that  reac- 
tion until  after  a  considerable  interval,  perhaps  even  an  hour  or  more.  It 
irould  therefore  appear  that  such  a  salt  must  pass  again  and  again  through 
the  Mli\iUT  glanrls  before  it  ia  finally  disposed  of  by  the  kidneys,  which 
ofier  the  ordy  outlet  for  its  total  removal. 

Among  tlie  functions  of  the  saliva  we  ought  not  to  overlook  the  infla- 
«ioe  whicJi  its  rapid  secretion  must  exert  on  the  state  of  tension  of  the 
blood- vessels,  nn  influeni-e  which  probably  favors  the  absorjitlon  going  on 
in  the  stomach  and  intestines. 

Tlras  prepared  by  mastication  and  insalivation,  the  food  dcscCTids  into 
tlie  stomach,  passing  along  the  pharynx,  which  dilates  to  receive  iL  The 
rima  glottidis  spontaneously  closes,  and  additional  security  is  given  to  the 
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respiratory  passage  by  the  valve-like  &butting  of  tte  epiglottic.  Thioa^ 
the  (esophagus  the  morsel  advances  by  the  (X)ntraction  of  the  muscular 
ooat,  with  A  wave-like  or  undulating  motion  onward.  The  food  is  now  de- 
livurccl  at  tlic  canliac  orifice  of  the  stomach,  aii<l,  entering  tliat  organ,  i«  sub- 
initteU  to  the  gastric  juice,  which  is  exuding  trom  the  mucous  mcmbnnc. 
The  digestive  tract  may  be  considered  as  prcscntiug  six  promuicmt  z»- 
niaitrnUoD  of  P°^*^ — '''^  nioutb,  the  pharynx,  the  cesophagos,  the  Btomadi, 
th«  iiigntive  the  Small  iutestiiic  the  hii^  intestine.  Their  reUtive  posi- 
tion and  Bubdivfsions  arc  illustratetl  in  Figure  3. — I,  the 
tongue ;  2,  2,  the  phaij-nx ;  3,  3.  the 
a'sophagus;  4,  the  velum  pcndulam 
pahiti;  5,  8cctioii  of  the  lan'ux  ;  ti,  the 
|)alate ;  7,  the  epiglottis ;  8,  the  lliy- 
roid  cartilage ;  i^y  the  metlulla  spina- 
lis; 10,  10,  bodies  of  vcrtcbiw;  ll^ 
12,  spinous  processes  of  ditto;  13, 
cardiac  orifice  of  stomach ;  14,  splenic 
e-xtremily;  15,  pyloric  extremity;  16» 
16,  greater  cxir\ature;  17,  the  lew 
curvature;  18,  pylorus;  19,  superior 
transverse  portion  of  duodenum  ;  20, 
middle  or  perpendicular  portion  ;  21, 
inferior  transverse  portion ;  22,  gall- 
bladder ;  23,  cystic  duct ;  24,  licpatic 
duct ;  25,  ductus  communis  choledo- 
chus;  26,  its  aperture  in  tlic  duode- 
num ;  27,  duct  of  the  pancreas,  empty- 
ing into  the  duoder:um  near  to  the  place 
of  entry  of  the  dnctus  communis  chole- 
dochus ;  28,  commencement  of  jeju- 
num ;  29,  29,  29,  jejunmn  ;  30,  3(li,30, 
ile\xm ;  31,  ileum  opening  into  great 
intestine;  32,  ileo-colic  valve;  33,  il- 
oo-c<rcal  vnlve ;  34,  oa-cum ;  35,  ap- 
pendix vrrmiformis;  36,  3G»  the  as- 
cending colon ;  37,  transverse  arch  of 
colon :  38,  doso(-n<Iing  colon ;  39,  sig- 
moid flexure;  40,  rectum;  41,  anus. 
From  the  interior  or  mucous  ooat  of 
the  stomach  the  gastric  juice  exudes. 
This  dutd  may  be  best  obtained  for  ex- 
amination liy  gastric  fistuhe  artificially 
established  in  animals.   As  respects  the 
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of  llm  Interior  of  the  stomnch,  Vh,  }?caumont,  who  liml  an  opportuni- 

*  examining  it  in  the  case  of  Alexis  St.  Martin,  de5cribe.s  Aaport  of  ini*- 

«s  of  a  light  pink  color,  its  velvety  surface  being  coated  riorofmomacii. 

ttvcr  ttilli  mucus.     On  tlie  introiluction  of  food  or  any  irritant,  lucid 

oint«  protrude  from  the  mucous  coat ;  these  ore  the  mouths  of  tlie  foUi* 

Hes  from  which  the  juice  exudes.     "When  in  activity,  tlie  teniperature 

'  the  interior  of  the  organ  is  about  lOO"^  Falir. 

The  gastric  juice  is  a  viscid  Huid,  with  an  acid  reaction  and  faint  odor, 
filtration  through  paper  it  is  clear  and  transparent,  and   xh^  gastric 

all  its  physiological  qualities.  The  impurities  thus  J"'"- 
itcd  from  it  are  merely  old  undigested  residues,  on  which,  in  no  re- 
spect, its  qualities  depend.  It  docs  not  become  turbid  at  212"^,  remains 
loi^  midetwmpoftcd,  and  retains  its  digestive  power  even  after  it  haa  bo- 
ome  mouldy.  It  docs  not  accumulate  in  the  stomach  while  fasting,  but 
[juirpi  a  stimuhia  for  its  ejection,  and  even  then  is  produced  in  a  Umit- 
,  quantity  only.  It  is  secreted  by  the  follicles  of  tJic  raucous  membrane 
tlie  stomach,  which  follicles  may  be  described  aa  cup-slia|»ed  ca\'itics, 
3t  tlie  two  hundredth  of  an  inch  in  diameter,  from  the  bottom  of  which 
ojoct  two  or  more  parallel  tubes,  tlie  mouth  of  the  cup  open-  nuBe,Trtpdbr 
ng  into  the  stomach,  and  the  tubes  ending  in  a  closed  term-  foUlclw. 
Datiuii  in  the  tissue  iK-neath.  'I'owanl  the  pvlonm  tlie  cups  become  deep- 
er, so  aa  to  assume  the  form  of  a  cylinder,  and  the  projecting  tubes  are 
hortcr.  Between  these  follicles  blood-vessels  pass.  They  are  ramifica- 
tionis  fn.>m  tlie  c«i*liac  axis,  and  discharge  a  double  function.  As  tlie  ar- 
,  bmiichcj  invest  the  roots  of  the  tubes,  tlicy  furnish  nutrition  for  the 
JU  which  are  produced  in  crowds  at  that  part  of  the  arrangement ;  but 
rhcn  they  liavc  gained  the  interior  of  the  mucous  membrane,  and  arc  in 
he  ridges  between  the  folUcles,  liaving  assumed  the  character  of  veins, 
v.  act  as  absorbents,  conducting  Ihu  inatcri:d  wliieh  is  sufficiently  di- 
,  into  the  portal  circuhition.  Agreeably  to  this,  these  Teasels  have 
Urger  diameter  tlian  capillaries  generally.  It  seems,  thereibre,  tliat  the 
on  of  the  tube  is  the  production  of  cells,  which,  originating  from 
I  at  the  bottom  and  sides  of  each  tube,  become  perfected  as  they  pass 
tbnmnl*  and  soon  aAer  their  extension  burst  or  deliquesce,  and  as  the 
malerial  they  discharge  does  not  possess  the  acid  reaction,  it  is  probably 
I  pepsin  element  of  the  gastric  juice. 
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Tlie  preceding  tnfale,  from  Iliibbcnct,  sUowa  that  ncorl}'  two  tluMa  of 
rvoMrtUii  of  *^®  ^**^"^  material  of  the  gastric  juice  is  pepsin.     Kjqx>8tire 


lh«  gulric 
Juice. 


klucoii  < 


to  a  very  low  toni(»eratnrc  does  not  dotrrioratc  the  propertiei 
of  tUU  aubstaiiL-o,  lor  it  will  resume  its  activity  even  after  be- 
ing frozen.  But,  on  the  contrary,  a  teznperatun  approaching  ebulUtioo 
destroys  its  solvent  power,  and  the  same  effect  ensues  when  it  is  neutral- 
ized by  an  alkali. 

The  gastric  juice  acts  on  iron  or  zinc  with  ovolutioo  of  hydrogen,  an 
cflfect  Mbich  the  acid  phosphate  of  lime  can  not  produce.  This  seems 
to  be  decisive  against  the  views  of  those  physiologists  who  hare  imputed 
its  reaction  to  the  latter  gubstauco. 

Tlic  digestive  power  of  tliis  jnice  is  impeded  by  the  presence  of  almost 
any  alkaline  salt.  To  this  remark  common  salt  offers  no  exception.  It 
is  owing  to  its  alkalinity  tliat  saliva  injures  the  digesting  power  of  gas- 
tric juioc.  On  the  contrary,  that  |>ower  is  very  much  iuercoscd  by  the 
presence  of  fal,  which  promotes  the  eoQTcrsion 
of  protein  bodies  into  peptones. 

The  mucous  membrane  of  the  stomach  pre- 
MMitrt  a  retictihitcd  appcarnnce^  as  shown  in  JF'iff. 
stomnrh  foUi-  4.     At  the  bottom  ofeachcompart- 

^hTir**;™"!^™  '"t'n^  ^^  *'»«  mouths  of  the  gastric 
ttiil  Aiactioiu.   follicles,  the  size  and  depth  of  wluch 
"  increase  toward  the  pylorus.     Their  exterior  is 

partly  covered  with  columnar  epithelium,  whicli  extends  over  the  into 
Fiy-t.  vening  ridges;  the  residue  is  glandular,  and  continu- 

ally gives  origin  to  granules.  The  upjtcr  part  of 
each  follicle,  as  well  as  the  entire  surface  of  the  mu- 
cous membrane.  Is  usually  co\ered  with  mueu.s. 

In  J^iff.  .0  is  a  rejire.seiitnlion,  given  by  Todd  and 
Bowman,  of  stonmch  folHeJes  and  tlK<ir  tubes  in  a 
vertical  section.  The  specimen  is  from  tlic  dog  aflcr 
twelve  hours  fasting,  A  represents  these  structures 
in  the  middle  region  of  the  stomach ;  B  in  the  pylor- 
ic region ;  a  a.  orifices  of  the  follicles  on  the  inner 
surface  of  the  stomach ;  b  6,  different  depths  at  Avhich 
the  columnar  epitlieJium  is  exchanged  for  glandular; 
</,  pyloric  tubes  terminating  variously,  and  lined  to 
their  extremities  wth  columnar  epithelium. 

J^iff.  G,  A,  horizontal  section  of  a  stomach  folli- 
cle a  little  way  within  its  orifice ;  a,  Kisoment  mem- 
brane; bj  columnar  epithelium.  All  hut  the  centre 
of  the  cavity  of  the  cell  ia  occupied  by  a  transparent  mucus,  which  seems 
to  have  oozed  from  the  open  extremities  of  the  epithelial  ]>articlcs;  c, 
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brons  matrix  surrounding  and  supporting  tlic  basement  membrane ;  rf, 
small  blood-vosfwip. 

K,  horizontal  section  of  a  set  of  stomach  tubes 
proceeding  from  a  single  cell.  The  letters  refi?r 
to  corresponding  parts.  The  epithelium  is  glan- 
dular, the  nuclei  very  delicate,  and  the  cavity  of 
tlie  tubes  very  smalt,  and  in  some  cases  not  visi- 
ble. (From  the  dog,  by  Todd  and  Bowmaii,  nt^er 
twelve  hours'  fasting.) 

It  thus  appears  that  there  are  at  least  two  dis- 
tinct elaaaes  of  stomach  follicles,  differ-  v«ricti«of 
ing  from  e«ch  other  in  anatomical  con-  siomach  6*1- 
atruction,  and,  as  there  is  now  reason  to  '  **' 
believe,  also  in  j)hy8io logical  function,  those  which 
arc  near  the  pylonis  yielding  a  secretion  which, 
taken  by  itself,  exerts  only  a  tardy  action  in  pro- 
ducing tlie  solution  of  protein  bodies,  but  those 
frr_>m  the  midrlle  and  other  portions  of  the  organ 
accomplishing  that  sohition  promptly.  It  is  sus- 
pected tliat  the  acid  of  the  gastric  juice  is  yielded 
by  one  class  of  tlieae  structures,  and  the 
pepsin  by  the  other. 

A  gt'nenil  idea  of  the  stnicture  of  these 
secreting  follicles  may  perliaps  be  obtained 
by  likening  each  of  them  to  a  bttlc  glove, 
tlie  hand  of  wliich  oi>ens  into  the  stomach, 
and  the  tingcrs  project  ujwo  tiic  submucous 
tissue  beneath.  From  the  sides  and  tip  of 
eadi  finger,  cells  may  be  snp|Kised  to  arise 
continually,  and,  as  they  are  crowded  for- 
ward, ihey  undergo  development,  leaving 
the  hand  in  a  [lextWt  condition,  and  deli- 
quescing as  they  pass  into  the  stomach. 

Though  we  have  spoken  of  tlie-se  folli- 
cles aa  excavations  or  cup-lifcc  depressiona 
in  the  mucous  tissue,  according  to  the  de- 
scription usually  givxn  of  them  j^^j^j ,  ^^_ 
by  anatomists,  it  is  to  be  under-  uniciJon  of 
stood  that  this  view  of  their  con-  *^'*^ 
atruction  is  pliilosophically  incorrect,  for 
each,  instead  of  being  a  mere  excavation,  is 
truly  a  distinct  organism. analogous  in  struc- 
Yte  br4n.  ture  and  many  of  its  fuactioos  to  a  polype. 
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The  iiydra,  a  fiesli-watcr  iK)ly])e,  may  be  taken  as  the  tjpe  of  tlus  organ* 
ism.  Thid  aniaialt  J^itj..  7,  couaUts  of  a  bag  or  digi?sttve  sac,  a  a,  end- 
ing  in  a  cylinder,  fr»  tlie  opening  to  which  ia  fumishc4l  with  nuniprous 
tentacloa,  c  c  c;  the  tentacles  enfold  in  their  gra^p  objects  on  which  ihc 
hydra  feeds,  and  by  their  contractions  carry  ihcm  to  the  sac  Into  the 
interior  of  the  sac  a  juiec  exudes  possessing  digestire  powers,  and  soon 
dL^solving  food. 

We  may  thereibre  regard  the  follieukr  structure  of  the  stomacli  as  a 
colony  of  jwlypcs,  tlie  tcutados  of  which  are  converged  into  a  nnisculor 
tube,  constituting  tlic  ccsophagus.  In  a  stomach  of  ordinary  size  tliero 
are  proliably  a  million  of  tlicso  oi^anisms.  Digestion  is  undoubtedly 
conducted  on  the  same  physical  principles  in  both  cases,  though  tn  the 
polype  the  food  matter  enters  tlic  follicular  cavity  of  which  llio  body  of 
the  animal  consists,  but  in  man  is  contained  in  the  stomach,  into  whicli 
tlie  follicles  open,  and  pour  forth  their  digestive  fluid. 

With  respect  to  tlic  acid  com^tituent  of  the  gastric  juice,  it  appears  to 
be  hytlrochloric  or  lactic  The  latter  lias  probably  originated  in  the  man- 
ner ju&t  descrilied  by  the  action  of  the  saliva  on  amylaceous  bodies ;  the 
former  midoubtedly  comes  from  tlic  common  salt  ingested.  Perhaps,  tm- 
der  a  delicieuey  of  common  salt,  lactic  acid  dischat^s  the  entire  dut}*. 
(Schmidt  regards  the  digestive  principle  as  a  conjugated  acid,  tlic  nega- 
tive constituent  being  hydrochloric  acid,  imd  pepsin  U'ing  the  adjunct, 
the  compound  being  analogous  to  Iigno-»nlphuric  aeiiL  About  twenty 
Qaaniiiy  of  [Mirts  of  gostric  juicc  OTB  required  to  digest  one  part  of  diy  a]- 
ifMtrlcjuice.  bumcn,  imd  about  70  ounces  are  secreted  in  a  day.  If  the 
hourly  destruction  of  fibrin  in  average  muscular  action  is  G2  grains,  about 
CO  ounces  of  gastric  juice  would  be  required  each  day  for  muscular  repair. 
A  vcT)*  largo  demand  is  therefore  made  upon  tlie  water  in  the  system  for 
this  use  But  here  the  sjimc  remark  is  to  be  made  as  in  the  case  of  the 
saliva ;  the  water,  aAer  accomplishing  its  object,  is  not  lost  to  the  ccon* 
omy,  but  is  immediately  reabsorbed. 

It  was  remarked,  in  speaking  of  the  salivary  glands,  tliat  their  secre- 
RvneiuiHi  p»(i.  ''*'"  pf^ses  repeatedly  through  them,  tlie  saliva,  as  it  exudes, 
5a«,'«  of  extra-  being  swallowcd,  reabsorbed,  and  so  secreted  over  and  over 
[JJJjJj*^  again.  In  these  reix?atcd  passages,  many  salt  substances, 
•towMh  fUJU-  such  as  the  iodide  and  bromide  of  potassium,  will  accompany 
**■  it,  the.  kidneys,  however,  eventually  rcmo\'ing  snch  extraneous 

bodies.  In  like  manner,  lietcrogcncous  matters  will  make  a  repeated  cir- 
culation through  the  gastric  follicles  before  a  final  removal  by  the  kid- 
neys. When  the  latter  organs  have  been  extirpated,  the  constituents  of 
iheir  secretion,  sucli  as  urea,  may  appear  in  the  stomach. 

On  the  deposit  of  the  food  in  the  stomach,  a  movement  of  translation 
is  given  to  it  by  the  alternate  contraction  and  relaxation  of  tlic  fibres  of 
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tlie  maacular  coat,  aided  to  a  considerable  extent  by  the  resp 
movements  of  the  olMlominal  walls.     The  course  of  this  ro- 


iratorjf 


Mi'tiotiB  of  tho 
lation  commonl/  is,  that  after  passing  the  cardiac  orifice  the  f'j«<i '"  tbe 

food  moves  from  right  to  left  romid  the  great  extreniity,  and  **^ 

then  along  the  large  curvalurf!  from  left  to  right,  returning  along  the  small 

cnrvature,  and  occupying  from  one  to  three  miimtea  to  jwrform  this  revo- 

lalion,  tiie  motion  continuing  for  a  few  mtnntes  at  a  time. 

AVhile  tliis  is  g<iing  ftfrward  digestion  is  rapidly  taking  place,  and  the 
portions  which  have  sufll-red  complete  action  are  oozing  through  the  py- 
loric TaI\-o  into  the  intestine  as  a  semi-fluid  and  apparently  Pannfttion  of 
bomogencous  material  called  chyme.  Tliis  prowss  has  fairly  ^^y^"- 
»ct  in  in  tlic  course  of  an  hour,  and  is  usually  finished  in  aljout  four. 
In  consistency,  color,  and  chemical  reaction,  tho  cliyrae  varies  with  the 
natnre  of  the  food,  its  chemical  constitution,  and  its  quantity ;  but  under 
common  circumstances  it  presents  the  acid  reaction,  for  it  is  to  be  remem- 
bered that  the  diurnal  supply  of  liydrochloric  acid  to  the  stomach  is  about 
the  tifth  of  an  ounce.  Arrived  in  the  intestine,  the  chyme  is  pushed  fore- 
word by  the  peristaltic  movements,  and  soon  after  its  appearance  in  tlie 
duodenum  is  mixed  with  several  im])ortant  fluids — the  bile,  which  xs  fiur- 
nished  by  the  liver,  the  secretion  of  the  pancreas,  and  the  enteric  juice 
wliicli  is  exuding  from  Bninncr's  glands, 

Tlie  digestion  of  the  albuminous  part  of  the  food  commences  in  the 
stomach,  and  in  that  cavity  advances  far  toward  completion.  Sommary  «r 
The  action  is  not  merely  for  tho  purpose  of  bringing  those  3-l!j!"i^IJ^';* 
stibstanccs  into  a  state  of  solution  in  water,  bnt  also  of  modi-  tiw  tton>arh. 
lying  ihem  chemically.  This  change  is  so  well  marked  that  it  has  been 
found  expedient  to  indicate  it  by  a  designation,  and  hence  we  speak  of 
albumen  peptone,  fibrin  peptone,  casein  peptone.  Tliese  peptones  arc; 
for  the  most  part,  absorlicd  by  the  blood  capillaries,  though  a  portion  of 
them  enters  the  circulation  as  a  constituent  of  chyle.  In  the  system, 
whatcrer  their  origin  may  have  Iwen,  they  seem  to  revert  to  the  state  of 
Ltood  albumen.  But,  though  the  production  of  these  peptones  is  accom- 
plished to  the  extent  that  has  been  mentioned  in  the  stomacli  by  the  gas- 
tric juice,  the  action  is  continued  and  brought  to  its  completion  in  tho 
sraall  intestine  by  the  aid  of  the  intestinal  jmce^  It  docs  not  appear  that 
the  large  intestine  participates  in  this  duty,  since  portions  of  magnlated 
albviinen,  or  of  flesh  introduced  into  it  through  tistulous  openings,  are 
voided  through  the  rectum. 

Such  13  the  general  description  of  the  act  of  digestion.     Wc  have  nejct 
to  enter  on  a  physical  examination  of  what  it  is  that  really  infti,fn«,or 
taken  place  in  tho  stomach.     It  was  formerly  supposed  that  il"*  iH-rrea  on 
digestion  is  enlirely  due  to  nervous  agency,  since,  if  the  pneu-     •>  *  "  ■ 
mogastric  nerves  be  divided,  the  process  is  very  much  interfered  vnOu 
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Bat  this  interference  tates  place  only  in  an  indirect  iraj,  for  the  eectlon 
of  those  nen-ei!  i«  atlendcd  with  auch  a  paralysis  of  tlie  Etomach  that 
Ihoso  movements  which  so  wx'll  ser^e  to  mix  up  the  food  with  the  gas- 
tric juice,  and  expel  it  tlirougli  the  pyloric  valvt;,  are  put  an  end  to. 

UidJcr  and  Scliinidt,  from  an  examination  of  four  dogs  with  gastric 
Effect  at Mxticn  ^^^^^^  demonsiratcd  timt  liie  section  of  the  pneuniogastric 
ofihe  pnnimo-  ncfvcs  doTs  not  cxert  that  influence  on  the  secretion  of  llic 
CM  cncrvci.  gj^g^^-j^^,  j^j^g  which  had  been  fonnerly  Bupj>0Bed,  for  both  in 
quantity  and  compoeition  it  remained  the  same.  Even  in  those  cases  in 
which  both  they  and  others  have  observed  a  diminution  in  its  amount, 
the  result  ought,  probably,  to  be  referretl  to  the  shock  given  to  the  entire 
system  hy  the  severity  of  the  operation. 

The  acidulating  rnatcrial  of  the  gastric  juice  Is  hydrochloric  acid.  Is 
it  possible  by  nrtiftclal  mixtures  cont^kinlng  that  substanco  to  reduce 
food  articles  to  a  digested  cotiditiou  ?  This  inquiry  introduces  a  deacri{H 
tiuu  of  the  cx}>crimental  investigations  which  have  been  made  iu  artificial 
digestion. 

When  water  acidulatetl  with  hydrochloric  acid  is  kept  in  contact  witL 
Arttfieiiidu  albumcn,  no  action  is  perceptible  at  ordinary  temiwratuies  in  a 
fewioo.  moderate  period  of  time.  Xl'lLe  temperature  is  raised  to  about 
150°  a  slow  disaolutiun  ensues,  which  becomes  better  marked  as  the  heat 
rises  toward  212°. 

Hut  if  to  the  weak  hydrochloric  acid  thus  made  to  act  on  albumen, 
pepsin  is  added,  tlie  solution  takes  place  willi  rapidity  at  moderate  tem- 
jwraturcs.  An  ounce  of  water,  mixed  with  twelve  drops  of  hydrochloric 
acid  to  which  one  grain  of  pepsin  has  been  added,  will  completely  dia- 
polvo  the  wliitc  of  an  egg  in  two  hours  at  a  temperature  of  100®,  It 
acts  in  the  same  manner  on  cheese  or  flesh,  these  nitrogeniKcd  articles 
being  converted  into  soluble  non-coagulabic  bodies.  The  acid  does  not 
enter  into  chemical  combination  with  the  dissolving  organic  matter.  It 
may  bo  recovered  from  the  solution  hy  re*orting  to  proper  processes. 

^^1len  striated  nniscular  tit>suc  is  sulimitted  to  artiticixd  digestion,  it  is 
Artlrlclil  dl-  ^^^^  divided  into  its  constituent  fasciculi,  and  the  transverse 
{;«»ti(>nofmii«-  strife  then  disappear,  tlie  sarcolcmma  being  dcstrovcd.  The 
course  of  the  action  seems  to  be  the  same  m  natural  diges- 
tion. In  the  fo-'cal  matter,  shreds  of  muscular  fasciculi  still  bearing  their 
striation  may  be  discerned.  These,  having  by  chance  esca[x>d  solution 
during  their  sojourn  in  tlic  stomach,  have  passed  through  the  whole 
length  of  the  digestive  tube  unchnngcd. 

Pepsin — the  substance  resorted  to  in  these  cjcpcrimcnts — may  be  ob- 
tained by  macerating  the  mucous  membrane  of  the  stomach 
ftniiuii'aua  for  a  short  time  in  lukewarm  water.  This  water,  along  with 
propcrutw  of.  jj  pjjj^  ^j*  ^]|g  pepsin,  removes  various  impurities ;  it  may  there- 
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fore  be  cast  nway ;  the  maceration  being  XWn  continued  with  n  fresh  por- 
tion of  cold  water,  and  lht3  being  submitted  to  filtration,  and  subscf^iucnt- 
ly  cvoporatod  at  a  low  tcin|)craturc  to  drj-ncss,  yields  the  pepsin  as  a 
gummy  mass.  I'Vom  its  solutions  pepsin  may  be  precipitated  by  como- 
sive  snbliraato  ot  acetate  of  lead,  and  it  may  bo  separated  from  those 
combinations  by  snlphurcted  hydrogen.  AVasmann  availed  hiniselt"  of 
this  fact  to  obtain  it  in  a  pure  state. 

Cotujftmiiott  of  Pfjigia.     (From  ScAmUt.') 

Cnrbon ClO.OO 

Itv(lrop:cn...u CT.OO 

Kitrogea ITIi.OO 

Oxjgvu £25.00 
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From  this  it  would  appear  lliat  it  contains  lcs3  carbon  and  more  nitro- 
gen than  the  members  of  the  protein  group. 

A  veak  acid  therefore  possesses  at  a  Jiigli  temperature  the  power  of 
brinjnnc  into  a  state  of  solution  tlic  various  nitroprenizcd  food  „  . 
matters,  and  at  lower  dcgiee^  fails  of  that  property;  but  in  jiiaroaiiigh 
the  presence  of  pepsin  tho  solvent  powers  are  assumed  un-  '«"P*"»i'"«- 
dcx  tho  lattc-r  circumstances,  and  therefore  it  is  said  of  this  subsfanoc 
that  it  rcpUccs  a  high  temperature.  JJy  its  aid,  hydrochloric  or  lactic 
acids  present  in  the  stomach  reduce  tiio  food  to  a  uniform  pulpy  mass 
— the  chyme-  Of  all  acids,  these,  however,  alone  arc  capable  of  forming 
digestive  iluids. 

I  Formerly  it  was  supposed  that  the  act  of  digestion  was  simply  me- 
chanical, tJic  food  being  ground  down  to  chyme  by  the  mo-  j^^^^^  ^^. 
tions  of  the  stomach.  Itcaumur^s  experiments  showed  tlic  pcrimcntswiUi 
error  of  this  supposition.  He  took  smidl  hollow  silver  balls,  •''^"*«'"- 
perlbrated  with  holes,  and,  having  filled  them  with  meat,  caused  tliem  to 
be  swallowed  by  a  dog.  When  they  had  remained  in  the  animal's  stom- 
ach a  Buitablo  length  of  time^  they  were  withdrawn  by  a  thread  which 
had  been  previously  atlached  to  them.  Now  if  the  stomach  acted  by  a 
triturating  or  grinding  |iower,  the  material  within  tlie  ball  would  be  en- 
tirely prutectcd,  but  if  by  a  solvent  power  exerted  by  the  gastric  juice, 
the  digestion  should  at  most  be  only  delayed.  Accordingly,  it  was  found 
that  this  was  what  actually  took  place,  digestion  being  fully,  though  more 
slowly  accomplished,  the  action  commencing  on  the  outside  of  tiie  mate- 
rial, and  gradually  reaching  its  centre.  If  the  balls  were  kept  in  tho 
stomach  long  enough,  they  came  out  quite  empty  at  last, 

I  The  idea  tiiat  tiiere  is  something  more  than  a  simple  solution  of  the 
food  effected  in  tho  stomacli,  tliat  some  mysterious  eliango  is  Chk-fuigWtor 
unpnwsetl  upon  it  by  tho  vitality  of  that  organ,  may  there-  JJJ^^^Jj'iSJl 

{ioro  be  abandoned.     It  does  not  ap{)ear  tluit  there  is  any  es-  tiongfthvfood. 
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scntial  diScrencc  between  natural  digestion  and  the  artificial  imitation  of 
it,  eitlicr  as  respects  the  onlcr  of  action  or  the  tinal  result  ^lotcoTOTt 
the  anatomical  consideration  tlmt  the  food  is  yet  oatsidc  the  body,  tlioii^ 
it  is  iiL^ide  t!ie  stomach,  should  be  suliicieiit  to  rcuiuvo  all  errors  of  that 
kind.  A  living  surface,  such  as  the  skin,  never  exerts  any  chemical  w> 
lion  at  a  distance;  and  the  luting  membrane  of  the  stomach,  both  as  r^ 
golds  its  pliysiologicjil  orifrju  and  its  anatomical  n-Iation,  is  nothing  more 
than  a  reflecte>d  continuation  of  the  skin.  Tlie  act  of  digestion  is  com- 
pleted lung  before  the  nutrient  material  is  taken  up  by  the  lactoals  and 
veins,  and  tluown  into  tlie  torrent  of  the  eircuhitiou.  But  then,  and  not 
till  then,  is  tlic  food  fairly  in  the  interior  of  the  body. 

1*lie  lactcalft  and  veins  can  not  exert  their  absorbent  action  on  a  Bab- 
stance  presented  to  tliem  unless  it  is  dissolved  in  water.  If  not  abso- 
lutely dissolvetl,  at  least  it  must  be  in  tliat  condition  of  minute  subtUv-is- 
ion  which  we  see  in  emulsions.  Though  it  has  been  slated  tliat  insolu- 
ble substjmces,  such  as  charcoal,  can  find  their  way  into  the  circulation 
in  tlic  solid  state,  tlioru  docs  not  appear  to  1)e  a  sufBcient  weight  of  evi- 
dence to  8upjx>rt  such  an  improbabilit}'.  In  the  economy  of  plants,  it  is 
Inpluts,  all     ^  general  rule  tliat  nothing  can  Imve  aooess  to  tlie  interior  of 

nntrtDat  mate-  tli^if  eyistcm  except  it  be  dissolved  in  water.  All  llie  %'ari- 
numuMbviu  ""  it.  .  i      -      ,  * 

nlntiou  ill  wa-  ous  gases  and  salnic  substances  they  require  are  obtained  in 

*"•  a  state  of  solution;  the  former  arc  introdnccd, for  the  most 

port,  through  the  Ic^avcs,  the  latter  through  the  roots.  The  object  ainaed 
at  in  the  construction  of  tlic  digestive  apparatus  of  the  animal  meclianism 
is  absolutely  the  same.  Plants  use  as  their  food  inoi^nic  matter  only ; 
the  ehii'f  materials  on  which  they  depend,  sucli  as  the  salts  of  ammonia 
and  carbonic  add,  arc  alnudantly  soluble  in  water.  The  ascending  sap 
obtains  the  former  from  decaying  organic  residues  in  tlic  ground ;  the  at- 
mosphere presents  tlie  latter  unceasingly  to  the  leaves ;  and  sijice  the 
economy  of  many  plants  requires  eartliy  salts,  as  silicates  and  phos- 
pliates,  which  are  of  sparing  solubility  in  water,  the  difficulty  arising  from 
that  want  of  solubility  is  avoided  by  the  introduction  of  an  immense  quan- 
tity of  water,  whicli,  after  bruiging  into  the  plant  the  needful  amount  of 
minenil  material,  i«  evajwrated  oft' at  the  leaves.  Kut  the  food  of  animals 
is  essentially  organic,  and  this,  lieiore  il  can  l>e  rtTcived  into  their  blood, 
must  he  brought  into  the  dissolved  state.  It  must  be  submitted  to  a  pre- 
paratory oiwration  or  series  of  operations.  However  complicated  (hcso 
The oi»raiion»  Or  the  mechanism  which  accomplishes  tiiem  may  lie,  the  end 
OB  i»i(j  fyj-i  ans  aimed  at  is  clear.     The  action  beeina  by  tlie  cutting,  teorin?, 

purvlv  dutiiic-  ,  ,.  /•111-11  II  11 

•I and m*i lian-  »""  crushing  movements  of  the  tectli,  which  break  down  all 
'"^  the  larger  jvortious,  and  carry  on  the  process  as  tar  as  it  is 

possible  by  mechanical  means.  The  stomach  tlicn  continues  the  subdi- 
vision by  eliemical  agency,  to  the  end  that  a  condition  of  solution  may  bo 
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attained.  Digestion  is  not,  therefore  to  \*itaIiEO  tlic  food,  as  tlic  ancients 
^  sup|X)»^,  nor  to  communicate  to  it  any  new  or  obscure  properties ;  it  is 
for  iLe  purpose  of  comminuting:,  suWividing,  dissolving,  or  brining  it 
into  that  minutely  suspended  state  that  it  can  without  ditticully  submit 
to  the  absorliing  action  of  the  lactcjils  and  veins.  Tliere  is  n  comjilete 
analogy  lictwocn  tiiis  o|K.Tatiuii  aud  tlic  artiticial  processes  to  which  the 
chemist  rt'soris  in  his  laboratory  for  the  solution  of  various  bodies,  llct 
j  too,  uses  mechanical  implements — the  mortar  and  jmstJe  to  grind,  the  hani- 
fmerto  cmsh,  the  rasp  to  abrade,  MHicn  these  Iiave  carried  tlie  sulxli- 
Tiflion  BufBciciitly  far,  he  resorts  to  actds  or  other  solvents,  and  thus 
Im^ok*  down  tlic  compactness  of  tiie  Iiartli-st  minerals,  and  brings  them 
into  the  dissolved  state.  The  animal  world  presents  ns  witli  ti  tiiousand 
illustrations  of  the  principles  here  set  forth,  incchaiiieal  contrivances  curi- 
ously arranged.  For  instance,  birds,  who.m'  plan  of  oi^^onization  is  such 
as  to  meet  the  cnse  of  locomotion  tlirough  the  nir,  could  not  have  llie  an- 
terior part  of  tlieir  bodies  loaded  with  teeth,  nccomjHmied  as  they  must 
bave  I»een  with  a  powerful  nmsculnr  apjwinitiis.  Sneh  a  mechanism 
would  have  rendered  tiie  animal  tojj-hea\y,  and  would  have  been  totally 
inconsistent  >nlh  flying.  But,  to  avoid  this  dilUculty,  that  which  might 
truly  l>c  r^^nrdcd  as  ihc  moutli  is  lodgwl  in  the  interior  of  the  Uidy.  nearer 
ilia  centre  of  praWtT,%  It  is  the  gizzonl.  Instijiet  teaches  the  binl  to 
swallow  small  angular  stones,  and  tlie  food,  rasped  between  ]>owcrful  mus- 
cular surfaces,  is  soon  brought  into  a  fit  condition  for  tiie  action  of  the 
stomach.  The  elKimist,  loo,  puts  fragments  of  glass  or  of  rjuartz  into  the 
mortar  m  whicli  he  is  conducting  the  reduction  of  a  tough  or  resisting 
sabstance. 

The  first  object  of  digestion  is,  tlicrcfore,  the  subdivision  of  the  food. 
The  0{icrfttion  begins  in  the  mouth  by  a  resort  to  meclianical  implements, 
and  when  these  have  carried  the  process  as  far  as  they  can,  the  stomach 
continues  the  duty.  In  its  cavity,  when  in  full  activity,  the  temperature 
is  10<)°  ;  n  perioiUcally  increasing  and  relaxing  motion  of  revohition  is 
kept  up,  gastric  juice  exudes  in  definite  qnanlity,  the  hydrochloric  and 
[lactic  acids  exert  their  action,  and  in  the  course  of  three  or  fuur  hours 
a  complete  reduction  is  accomplished. 

Allusion  has  been  made  to  the  probability  that  different  portions  of 
the  mucons  membrane  of  the  stomach  dischat^e  functions  n!>;non«iiiiTis. 
which  are  wholly  distinct,  one  portion  being  devoted  to  tlic  ^^'^u'f^r^H^ 
daboration  of  pepsin,  another  to  the  secretion  of  hydrochlo-  vnt  runctioni. 
ric  ftcid,  another  to  the  preparation  of  a  special  mucus.  This  view  do- 
rives  considerable  fiupjxrt  from  many  facts  in  com|)arativo  phyfiioJogy. 
I  In  those  cases  in  which  the  food  approaclies,  in  its  mecltanicol  and  cliem- 
ical  condition,  to  the  form  which  it  is  destined  to  assume  as  a  part  of  the 
(body  of  the  animal  receiving  it,  the  stomaeli  is  simple  in  construction. 
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and  is  Httio  more  than  a  mere,  dilatation  of  the  alimentJuy  canal,     Uut 

Annio^us  at-    whcp,  SA  auioHg  tlic  hcrbivora  and  granivora,  rtg.  & 

SS^Tiia^    ***^"  '*  *  g'^'  difference  between  the  form 

milt.  of  tlic  food  received  and  the  form  of  the  tis- 

eues  to  be  made,  tlic  digcali\-e  sac  no  longer  presents 

such  a  simple  Btnieture*  bnt  is  parted  off  into  distinct 

rc^ons,  or  is  actually  converted  into  distinct  or^ns. 

Tims,  in  the  insect  digestive  tract  shown  in  J^ff.  8, 
Die«.tiv,....m.  ^  **  ^'"^  F^orj-DX,  b  the  ocfloplmgiis,  lead- 
tiartnirnu  of  ing  into  a  crop  or  inswdivatory  poucli,  f,  and 
Ibmcu.  ijjjg  jj^jQ  i]^^,  gizzard,*/,  the  function  of  whidi 

is  to  raftp  np  and  abrade  the  more  resiiiting  portions  of  i 
the  food,  wliich,  when  tliis  is  accomjdished,  passes  into 
the  tnic  stomach,  e,  and  from  thence  info  the  intestine,  ^. 
Tlie  delicate  vessels  about  f  arc  snpposcd  to  be  biliary 
tubes,  and  A  glaiiJuhir  sc^rreting  organs, 

E.,  i-       •       »  •       ,-  ji  D«Mii»*  tnex  oTb  ear- 

vcn  m  tiic^c  cases  ot  luniutc  organization,  the  mu-      ihtotoub  hwur. 

cons  structure  remains  the  same  as  in  larger  animals  of  the  same  mode 

of  life.  The  photographic  representa- 
tion in  Juff.  9  displays  the  same  rctio 
ulated  appearance  in  the  stomach  of 
the  carnivorous  iHsrtIc  as  has  lx?en  de- 
scribed in  the  cose  of  that  of  man; 
and  undoubtedly,  with  similarity  of 
structure  there  is  similarity  iti  the  man- 
ner of  action. 

A  regional  division  of 

tJic  digestive  apparuttis 

is  also  presented  !n  the 

case  of  many  birds,  as 

i>or.«rtit»iH  ia  shown  in  the  photo- 

lamrte™.         graphic    representation, 

J'lff.  10,  in  which  we  have  the  digestive  tract  of  tlie  eom- 

PifcTrtivecom-  ^^^  ^^^^^  ^  ^'"S  ^^  oesophagus   leading 

l»rtiiufnu  oT     into  tlie  insalivating  pouch  or  crop,  A, 

^^^''  wliich   eni|)ties  into  the  stomach,  c\ 

and  this  into  the  gizzard,  <L     In  the  etomaeh» 

whirli  is  relatively  nmall,  the  digesting  material  fi/ 

is  mingled  with  the  gastric  juice  before  being 

submitted  to  tlw  action  of  the  gizzard.     From 

the  gizziurd  it  is  passed  into  the  small  intestine 

/,/,     In  the  figure,  e  is  the  liver,  ff,  g^  the  cocca, 

and  /*  the  cloaca.  i>i«^i«i«wofih.«o««,ibwt 
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fnthe  ostrich,  as  shown  in  Fig.  U,  tlic  local  distribution  of  the  glan- 
^'0^  •'■  dulrc  very  obriously  marks  out  a  regional  dis- 

tribution of  function.  C  is  the  cardiac  cav- 
ity, tlic  mucons  membrane  of  which  is  stud- 
ded here  and  there  with  glands ;  G  O  are  the 
o  Al  \  ^'J^^B\  surfiiccs  of  the  gizziu'd.  Among  the  higher 
quadrupeds,  the  evidences  of  a  similar  divis- 


Fi9.Vt. 
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r  uf  Momaeh  of  African  Mtrld). 


Stomadi  ordornnun.  BtuuMti  ufCipc  bynx. 


m  of  function  arc  presented.  Thus,  in  the  donnousc,  Fl/^,  12,  there  are 
two-compartmunts :  a  cardiac,  C,  and  a  pyloric,  I* ;  the  samo  Di™,iivccom- 
being  exhibited  more  perfeitly  in  the  Cape  hyrax,  Fig,  13.  partmcntaof 
In  llicse  cases  the  cardiac  compartment  is  often  lined  irith  '""°™''  *■ 
cuticle,  but  the  pyloric  not  An  increase  in  tlie  number  of  these  canities 
occurs  as  the  food  Ijecomes  mow  heterogeneous.  In  the  porcupine,  Ftg. 
14,  tIkeFB  ore  four,  and  in  the  porpoise,  Fig,  15,  five.     The  stomach  of 

AeT-  U.  Fig.\&.  Fig.  !«. 


]k«aadt  of  puRMiHiHk  Stamack  of  pofpolaa.  Stomach  of  kUTorogk 

|])0  kangaroo,  as  shown  in  Fig.  IG,  |)ossesses  a  multitude  of  these  cham- 
bers or  compartments,  and  tlicrefore  offers  a  good  illustration  of  the  sub- 
divisions of  stomach  digestion. 

h^9- 1"  TIic  case  of  ruminants 
(\            y^^'^^t^          |K)8scss€S  a  special  inter- 
^^^^^'lA      ^/                -^^        est.     In  titese  thens  arc 
^^^M/  S^             ^    ^^^^^    what   miglit    bo   termed 
.^  '^^''^^■^^^p''  ,■  _        ,-^ ..: -jid^^B  foiu:    dirt'crent    digestive 

chambers,  as  ia  shoi^*n  in 

Fig.  1 7,  in  which  a  is  the 

ptswtin  uTiiiM  of  •  nuaiMtit.  oesophagus ;  b,  tiic  inglu- 
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vioa  or  paancii ;  c,  the  reticulum  or  honey-comb  stomach;  eL,  the  omasum, 
Dif«tJr«conf  JJiwiy plies*  or  third  stonuch;  tf,  abomasum,  reed,  or  fourth 
l>Briimni9of  storaaeU;  aiidy,  the  pylorua.  The  food,  roughly  triturated 
rummiuits.  j^  ^j^^  moutli,  enters  the  ingluvies,  in  ^vhich  it  ifl  moistened; 
it  then  paases  into  the  honcy-conib  or  second  Btomnch,  which  likewise 
rcccircs  directly  the  water  tlmt  lias  Lecn  taken,  and,  after  it  has  been 
tliorouphly  moistened  Ihexcwith.  it  is  returned  to  the  mouth  in  small 
portions,  to  undergo  a  more  complete  masticntion  nnd  insalivation.  Bft- 
ing  swallowed  again,  it  is  now  directed  into  the  third  stomach,  from 
which  it  ]msscs  into  tlie  fourth.  In  this  it  Is  submitted  to  a  true  mod 
tligp-slion,  a  gastric  juice  lieing  Becreted  from  the  walls  of  thb  cavity.  It 
is  the  mucous  lining  of  this  cavity  which  j-ields  rennet.  That  thcac  com* 
plicated  motioiid  and  theao  suct^ssive  actions  of  the  diflcrcnt  cavities  are 
for  the  purpose  of  preparation  for  the  true  digestion  of  the  fourth  stom- 
ach, is  clearly  proved  by  the  fact  that  in  the  calf  the  milk  passes  directly 
into  t)ie  ahoniasum. 

Since  fi.-*he3  anrl  wfltcr  animals  generally  have  no  salivary  glands,  or 
Dl^<wtloo  0"b*  rudimentary  ones,  some  physiologists  have  infoTred  that  the 
iu  (bhcj,  ^igu  tif  the  saliva  is  for  the  connninj^ling  of  the  food  with  a  due 
jwrtion  of  water.  This  would  reduce  the  inijKjrtanee  of  insalivation  veiy 
gnsitly,  and,  indeed,  is  scarcely  consistent  with  the  ehiborate  mcclianism 
wliich  has  l)oen  just  dcscril)ed  in  the  case  of  niminant  animals.  It  is 
wortJiy  of  remark  that,  even  among  tishes,  there  are  some  which  exliibit 
a  true  nuniiiation,  as,  for  example,  tlio  carp.  This  is  not  alono  for  tbe 
purpose  of  rcsuhniitting  the  fixxl  to  the  abrading  aetion  of  the  phan.'ngcal 
teeth,  hut  h'kcwisc  for  commingHng  it  with  the  secretion  of  the  pharyn- 
geal cavity. 

In  view  of  the  preceding  facts,  it  may  be  concluded  that,  so  far  from 
tliere  iH'ing  any  thing  in  contradiction  to  the  doctrine  that  different  por- 
tions of  the  digestive  surface  of  the  mucous  membrane  of  the  stomach  arc 
devoted  to  Hifferent  duties,  there  is  strong  e\-iclcnce  in  support  of  its  tnith, 
derive*!  jxirtly  trom  the  instances  fumislied  by  comparative  anatomy,  and 
partly  from  the  anatomical  structure  of  the  gastric  mucous  membrane. 
The  four  separate  digesting  cliambers  of  the  ruminating  hcrbivora  are 
mcndy  an  elalmration  of  the  structure  which  is  presentwl  by  an  appar- 
ently homogeneous  mucous  surface  in  man.  But  that  this  mucous  sur- 
face is  in  reality  heterogeneous,  and  in  different  regions  possesses  differ- 
ent powers,  is  shown  by  the  faet  that  at  one  part  it  presents  mucous  fol- 
Rcirlonal  fune-  ^''^™'  **  another  ppsin  follicles,  at  another  follicles  for  the 
tioiijt  tifiiiuiiau  secretion  of  hydrochloric  acid.  As  we  approach  toward  tlie 
•toinar  .  pylorus,  thc  cxisteiicc  of  a  now  fimction  is  betrayed  by  the 

appearance  of  a  new  mechanism — thc  villi,  which  have.  lxs?;n  so  wc^ll  stud- 
ied by  Dr.  Neill,  and  this  is  even  indicated  externally  in  the  posterior 
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^'-  ^*-  view  of  llic  human  stomacli,  7T^. 

18,9bowiiig,accordiiig  to  Proiess- 
or  Ret/.iuB,  tluit  llw  aiitrtuu  py- 
lori ot'tlie  older  anatoiniKts  is  re- 
ally a  sj)ccial  compartuiunt  of  the 
general  cavity.  The  figure  ia 
deriv'eJ.  from  Dumeroua  examin- 
ations of  the  gtomaeh  in  iKwhea 
of  middle -ageJ  women,  and,  us 
represented  at  c  c^  d  (I,  indicates 
the  antnun  pylori,  a  being  the 
fcsophagns,  b  the  cardiac  orifice. 
Tlic  aiitmm  pylori  ia  di&tingaislu 
ed  by  greater  thickness  of  its  mns- 
cular  coat,  more  copious  glandu- 
piMienur  twtw  of  tiuman  kifliwkeii-  Jar  dcvelopmeiit,  and  the  presence 

of  llip  well-known  plica?  finihriotir,  Tlie  commencement  of  thi-  duode- 
num al30  forms  a  Rjx^ial  rounded  cavity,  wliich  Professor  Ketzitis  pn>- 
poscs  to  name  antnun  duodeni,  characterized  internally  hy  the  absejicc 
of  valvuLu  oonnivontes,  and  by  the  dense  array  of  Brunnor's  glands  be- 
neath its  mucous  membrane*  This  part  constitutes  what  has  been  called 
the  fourth  stomach  in  tlic  porpoise  and  some  other  ectaocons.  The  so- 
called  Ligaments  of  the  pylorus  are  connected  with  (he  formation  of  (he 
axitrtini  pylori. 

It  ha5  lioen  remarked  that  tlie  6rst  aim  of  digestion  is  the  procuring  of 
thotood  cither  in  a  dis-solved  state,  or,  at  all  events,  in  a  con-  Dijjpj,ii„„  ,(v. 
dition  approaching  thereto.  But,  in  addition  to  thi$,  pro-  •>wnM'iw>*«  iw- 
fonnd  changea  in  the  very  nature  of  the  digested  material  m«tamori.!io«iB 
must,  in  an  incidental  way,  be  constantly  occurring.  Thus  <""  ^''*  '****^ 
the  adion  of  saliva  is  to  produce  lactic  acid  from  stoxcli,  and  thus,  m 
ibc  stomach  itself,  starch  ia  transmuted  into  sugar.  In  some  cases  the 
first  Btage  of  digestion  seems  to  be  actually  the  reverse  of  what  baa  been 
here  i»et  forth.  Milk,  when  received  into  the  stomacii,  undergoes  coagu- 
lation, and,  in  like  maimer,  so  also  does  soluble  albumen.  But  these  nm 
only  incidental  cltanges,  the  temporary  solids  thus  produced  soon  lique- 
fying aa  proper  digestion  sets  uu  There  is  reason  to  believe  tJiat  all  the 
protein  bodie-s  arc  passed  into  the  condition  of  alburninosc,  and  thin  though 
they  may  h.ive  been  introduced  in  the  liqnid  state.  Even  soups  and 
broilu  require  to  be  digested.  A  solution  of  gelatine,  after  (j^,^^  ,^^„, 
it  lutt  been  in  the  atomach,  refuses  to  gelatinize,  a  solution  i,*t-<  ortiiL>  r<MHi 
of  albumen  to  coagulate.  The  circumstance  that  gases  may  "j[Ji^.f,'^J^and*^ 
Ix  evolved  from  dig»?sting  material,  both  in  the  stomach  and  ■**imiuiiiMio* 
intestine,  is  a  sufiicicnt  proof  tliat  that  material  is  undergoing  *^"' 
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a  more  or  less  extensive  change.  But  these  clumgea  are  altogether  insig- 
nificant whcji  compared  with  those  great  nictamoi^ihoscs  which  the  nu- 
trient material  passes  through  after  it  lias  been  ahsorlrcd  from  the  digeat- 
ive  catties  ;  ami  donbtless,  at  the  most,  they  are  only  mere  gnbdivUions, 
of  which  the  splitting  of  the  sugar  or  starch  atom  into  lactic  ncid  maybe 
taken  as  the  ty[)c  or  mere  unions  with  water,  of  which  the  passage  of 
cane  sugar  into  milk  ttugar  is  an  example. 

The  gastric  juice,  therefore,  not  only  dissolves,  but  also,  in  an  incipient 
Pnrduftionor  ftw^  indirect  manner,  modifies  the  food.  Protein  boilies  and 
|tcf>ton«a.  gelatinous  matters  yirlrl  sul)stances  after  its  action  of  the 
same  composition  as  tlieir  own,  but  with  different  physical  ami  chemiad 
properties,  beuig  reaiUly  soluble  in  wuter,  imd  even  in  diluted  idet'liol.  and 
not  forming  insoluble  com|Kmnil.s  with  mctullinc  suits.  By  Lehmann, 
who  Jias  ex]uniite<l  tliese  substancc«,  they  have  been  designated  as  pop- 
tones;  and  since  they  may  firise  without  the  evolution  or  absorption  of 
any  gas,  and  the  quantity  of  sulphur  they  contain  is  the  same  as  that  in 
the  bodies  from  which  they  were  derive<i,  he  infers  that  the  action  is  real- 
ly on  assimilation  of  water,  the  other  ingredients  rciuaining  unchanged. 

Turning  our  attention  now  to  the  origin  of  the  gastric  juice,  it  is  inters 
csttujr  to  observe  the  economicnl  manner  in  wliich  its  hrdro* 
acvnoit  of  chloric  acid  clement  is  managed.  To  the  proper  understanding 
coomoD  salt  ^j*  jj^j^^  jj  jg  necessar}'  to  anticipate  w!tat  will  have  to  bo  more 
fully  considered  in  dcscribiug  the  bUe,  a  unitbrm  inj.Tcdicnt  of  whidi  is 
the  oxide  of  sodium,  or  soda.  Tlic  hydrochloric  acid  of  the  gastric  juioc 
and  the  soda  of  the  bile  arc  derived  fix>m  the  same  source — ctmimon  salt, 
which  is  either  present  in  the  food,  or  purposely  added  as  a  condiment. 
It  undeigoes  decomposition  easily,  yielding  the  two  pnxlucts  specified, 
tiiat  is,  hydrochloric  acid  and  soda,  and  is  readily  formed  by  the  reunion 
of  these  substances. 

There  exists  in  the  action  of  the  kidneys  a  speeial  jirovision  for  prevent- 
ing the  quantity  of  chloride  of  sodium  present  in  the  blood  from  rising 
over  41  parts  in  10,000.  This,  of  course,  controls  iJie  amount  ditTiised 
through  the  tissues.  The  necessity  of  such  a  regulation  becomes  appar- 
ent when  wc  consider  that  the  rate  of  the  solubility  of  albumen  and  ca- 
sein in  water  is  governed  by  the  presence  of  that  substance,  as  is  also  tlic 
quickness  with  which  the  coagulation  of  fibrin  takes  phicc  and  the  re- 
pair of  tlie  waste  of  the  muscles. 

Common  salt  introduced  into  the  sj'stcm  undergoes  decomposition, 
fiimishing  hydrochloric  acid  to  the  gastric  juice,  and  soda  to  the  bile. 
Considering  tlie  large  quantity  of  these  secretions  produced  in  a  short 
space  of  time,  it  is  clear  that  tlic  drain  of  common  salt  must  be  great — 
not  less  tlian  a  third  of  an  ounce  a  day ;  yet  the  quantities  consumed,  at 
most,  are  oidy  smalL 
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IS  this  to  Lc  explained?     As^urocUy  there  is  no 
eourec  troin  which  these  bodies  can  come  than  the  one  indicated — the 
oomnion  salt,  and  yet  it  seems  to  bo  totally  inadequate. 

T  tJiink  ihut  thin  difficulty  js  mtlier  imaginary  than  real-  Tiling  are 
so  uranged  tliat  a  limited  quantity  of  salt  can  produco  unlimited  quanti- 
ties of  gastric  jtucc  and  bile ;  for  the  former,  associated  with  the  food  it 
has  digested,  scanrcly  escapes  from  tlie  pyloric  valve  before  it  encounters 
the  bile  and  pancreatic  juices  discharging  into  the  duodcnmn,  and  tlirough 
the  length  of  the  npper  portion  of  the  small  intestines  these  secretions, 
logr-tber  with  tlie  food  they  have  acted  upon,  are  brought  into  complete 
contact.  The  reproduction  of  chloride  of  fiodium  is  therefore  constantly 
taking  j)lace  in  intestinal  digestion,  and  it  returns  back  to  tlic  system 
through  the  absorbents.  A^n  it  undergoes  decomposition,  its  acid  re- 
appearing in  the  gastric  juice,  and  its  alkali  in  the  pancreatic  juice  and 
bile.  By  thus  using  a  small  amount  over  and  over  again,  great  eficcts 
can  be  produced,  and  it  is  then  only  necessary  to  restore  those  small  por- 
tions that  arc  wasted  in  carrying  out  the  geiieral  scheme. 

In  the  low-pressure  marine  steam-engine  we  have  an  example  of  the 
anDQ  kind.  A  certain  quantity  of  water  is  vaporized  iu  the  boiler  and 
oondenscd  in  the  engine ;  purapc<l  back  into  the  boiler  to  be  vaporized, 
and  then  recondensed  in  the  engine.  Comparatively  little  is  required  to 
supply  the  wants  of  the  macliine,  and  long  voyages  can  be  nutde  with 

ly  as  much  water  as  wiU  compensate  for  the  necessary  waste  arising 

the  working. 

For  the  sake  of  presenting  the  consideration  of  the  function  of  digcs- 
witii  clearness,  it  is  customary  to  leave  out  of  consider-  *-(^„,pj,  j, 
the  sulordtnate  actions  taking  place  botli  in  tjie  stom-  gfnion  Ubi»- 
mdi  and  intestine.     This,  however,  involves  a  certain  amount  JSIi'Si^ 
of  error,  since  respiratory  or  non-nilrogenized  digestion  oc-  tlonbcaJgrif*- 
cora  in  t!ie  fonuer  cavity,  an<l  nutritive  or  nitrogenixed  in  the     ""*' 
latter.     Nevertheless,  tiiere  can  be  no  doubt  that  if  oor  ^icw  is  restricted 
fo  the  more  imposing  cliamctcrs,  we  arc  justified  in  accepting  the  dogma 
tiiftt  *' stomach  digestion  is  histogcnctic  or  nitiogeniiied,  and  intestinal 
digestion  is  calorifacicut** 

Under  the  most  comprehensive  point  of  view,  examining  the  action  of 
the  entire  digestive  tract  from  the  mouth  to  the  rectum,  we  (^j^^^^  „^_ 
discover  a  recurrent  periodicity.  In  the  mouth,  the  transi-  «i«ry  of  dig**. 
lory  digestion  taking  place  is  wholly  ex(»nded  ujKjn  the  ca- 
loriiaeient  food  ;  in  tlic  stomach  It  is  the  nutritive  portion  which  is  chiefly 
attacked ;  in  the  duodenum  there  is  a  return  to  the  calorifacicnt,  and  in 
the  cnccam  of  animals  a  resumption  of  the  nutritive.  This  last  is  less 
sppanot  in  man,  for  in  him  the  coecum  exists  only  in  a  rudimentary'  state, 
rejrraientcd  by  the  appendix  vcrmiformis. 
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As  the  altpration  takes  place  from  calorifacicnt  to  nutrilive  digestion^ 
tlic  active  fluid  changes  its  chcmicaL  relations.  In  the  month  and  dao- 
dcnuin,  alkaline  jolcca  are  resorted  to:  in  the  stomach  and  caHiura,  acid 
ones.  Wlieiiever  there  is  an  accidental  inversion  of  tiiese  conditions,  the 
result  correspondingly  ctianges ;  so  when  bile,  which  is  alkaline,  regof- 
gitates  into  the  stomacli,  tlic  digestion  of  nutritive  food  is  inetantly  ar- 
rested. 

In  each  of  these  cases  the  object  is  tho  same:  it  is  to  obtain  the  nutri- 
ent material  under  such  forms  that  tlic  absorbent  vessels  can  readily  take 
it  wp ;  this,  as  we  liavo  seen,  often  involves  a  metamorphosis  of  the  ele- 
ments of  the  food  where  mechanical  subdivision  would  l>ft  insufHcient. 
Fibrin  has  to  be  brought  into  a  soluble  state,  and,  indeed,  albumen  itself 
must  be  modilicd.  If  it  lias  been  taken  uncoagulated  or  glairy,  it  be- 
comes opalescent,  and  passes  into  the  allied  form  known  as  albumuiose. 
In  this  condition  it  is  neither  precipitated  by  heat  nor  by  nitric  acid, 
though  it  is  by  corrosive  sublimate.  The  cause  of  this  transformation 
probably  has  reference  to  tlie  relative  facility  with  whicii  albiiminosc  can 
transude  into  the  venous  capillaries  compared  with  albumen. 

TItere  is  thus  reason  to  suppose  tliat  tho  result  of  stomach  digestion 
is  the  reduction  of  the  various  nitrogcnizcd  constituents  of  the  food  to 
the  condition  of  nlbuminose.  It  is  plain  that  fibrin  roust  come  into  this 
or  some  analogi>na  condition,  for  it  can  not  bo  absorbed  as  fibrin,  and,  ac- 
cordingly, it  is  found  that  the  blood  of  the  gastric  and  mesenteric  veins 
abounds  in  albiuninose. 

Intermediate  between  the  classes  of  calorifaeient  and  histogonetic  fixnl, 
CueoffCflk-  Ijclonging,  by  its  composition  and  conditions  of  digestion,  to 
''■^  tho  latter,  but  by  the  function  it  discharges  to  the  former,  is 

gelatine,  a  nitrogenized  substance.  It  appears  to  be  aKvays  derived  from 
albumen,  and  any  jwrtion  which  may  have  been  received  in  tho  food  is 
never  directly  assimilated  or  used  for  the  fabrication  of  tissue,  bnt  solely 
ministers  to  the  production  of  heat.  Though  thus  a  calorifacicnt  l>ody, 
its  place  of  digestion  is  tlic  stomach.  After  it  lias  suflcrcd  the  action  of 
that  organ  it  has  lost  its  power  of  gelatinizing,  cau  no  longer  be  precip- 
itated by  chlorine,  nor  give  tlie  leather  precipitate  with  tannin.  The  use 
of  it  under  the  form  of  jellies,  soups,  etc,  is  always  attended  with  the  a[>- 
]x:amncc  of  an  unusual  qimnttty  of  urea  in  tlio  urine,  and  hence  the  ad- 
ministration of  those  domestic  preparations,  nnder  an  idea  of  their  great 
nutritive  value,  is  to  be  looked  npon  as  only  a  popular  error.  In  an  in- 
direct way,  however,  under  tho  conditions  of  restricted  diet,  usually  met 
with  in  the  sick-room,  gelatine  doubtless  maintains  an  interesting  relation 
to  the  albumcnoid  botliea  in  this,  tiiat  it  protects  them  from  destruction 
by  undergoing  oxidation  itself,  and  so  satisfving  tlie  requirements  of  tlie 
respiratory  mcdiauism  ;  for,  were  there  not  such  a  substance  present  to 
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attack,  tlie  rospired  oxyge 
of  the  proper  nitrogcnixed  tissues. 

In  relation  to  the  ^elatigenons  tissues,  it  may  be  remarked  that  gela- 
tine is  not  an  actual  constituent  of  them,  but  arisefl  from  them  GoUiino  not 
by  boiling  with  water.  By  a  like  proccsB,  sufficiently  pro-  ""/^'^Jj!' 
loDgeril,  a  Bimilar  subetancc  may  be  obtained  from  cartilage,  «at- 
designated  cartilage-gelatine,  or  cbondrlue.  In  those  cases  the  mafenal 
onites  with  water  in  the  same  manner  tlmt  Bturch  does  in  producing  glu- 
cose. 

Tlic  food  must  therefore  pass  through  various  stages  betorc  it  can  be 
jGftted  for  introduction  into  tlie  circidation,  and  carried  to  all  parts  of  the 
'^fttem.  It  is  procured  in  portions  of  a  suitable  size  either  by  the  fin- 
gerSf  or,  in  civilized  life,  by  resorting  to  artiticial  implements,  the  knife 
and  fork.  The  incisor  teeth  next  cut  it  up,  and  the  molars  crush  or  grind 
it,  being  worked  for  this  purposct  by  a  powerful  system  of  muscled ;  mean- 
time it  is  incorporated  with  saliva  and  atmospheric  air.  Passing  into 
the  Btomacli  under  the  condition  of  a  coarse  pulpy  mass,  the  gastric  juice 
ouriea  tl»e  process  still  farther,  a  more  intimate  disintegration  of  its 
(itracturc  ensues,  and  it  is  eventually  brought  into  a  soluble  and  changed 
forra.  The  time  required  to  produce  this  efilHit  varies  with  .y  ,-,.■-, 
the  nature  of  the  food.  Thus  it  has  been  noticttd  tliat  beef  vt  lUffcnnt  w 
U  much  more  quickly  acted  on  than  mutton,  and  mutton  '"'"•*'f'«>^ 
aooucr  than  pork. 

Statements  respecting  the  digestibility  of  different  articles  of  food 
nrastt  howc^-er,  be  received  witb  many  restrictions.  If,  as  cirenuinaace* 
iito  earlier  physiologists  lielicved,  the  stomarh  was  the  sole  "iteWi^rin^ 
digc&ti\*c  cavity,  and  the  intestine  only  for  the  pur|K>se  of  ab-  of  di^awu" 
■mption,  they  would  doubtless  be  much  nearer  to  the  truth.  *7' 
But  when  we  recall  that  the  digestion  of  fats  does  not  even  begin  until 
the  intestine  is  readied-,  and  that  the  digestion  of  the  nitrogcnizcd  sub- 
stances is  only  in  part  accomplished  by  the  gastric  juice,  but  goes  on 
nndcT  tlie  influence  of  tiic  intestinal  juice  throughout  the  whole  length  of 
iIms  small  intestine,  we  sec  at  once  how  imperfect  and  even  incorr&.t  are 
the  indications  afforded  by  such  exjieriments  as  those  of  »^paUunzaiu, 
■who  introduced  1\hh\  articles  into  the  stom.'U'.h  tiiroiigh  the  ti-sophagus  in 
perforated  s-ilver  vessels,  or  those  of  Beaumont,  who  availed  himself  of  a 
gutric  fistula.  Neither  can  wo  take,  in  all  instances,  the  time  which  an 
article  of  food  will  remain  in  tlic  stomach  as  a  measure  of  its  digestibil- 
ity, for  this  is  known  to  vary  with  many  conditions,  as,  for  instance,  the 
quantity  introduced  at  a  time,  and  the  condition  of  the  organ  itself.  Aa 
general  illustrations  of  the  digestibility  of  some  of  the  ordinary  elements 
of  food,  the  examples,  however,  being  more  or  less  open  to  the  preceding 
criticisins,  the  following  facts  ni.iy  be  offered.     The  white  of  an  c^,  rep- 
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resenting  Boluble  albumen,  if  introduced  into  the  stomach  of  a  fasting  dog 
through  a  gastric  fistula,  will  disappear  in  less  than  an  hour ;  but  if  the 
whites  of  eight  eggs  be  introduced,  portions  thereof  can  be  recognized 
after  four  hours,  l/ehmann,  who  made  these  observations,  adds  that 
blood  fibrin  varies  in  its  time  for  gastric  solution  according  as  it  is  in  & 
finely  comminuted  or  a  massive  state ;  in  the  former  instance  disappear- 
ing from  the  stomach  of  a  dog  in  an  hour  and  a  half,  but  the  same  weight 
in  the  latter  condition  requiring  almost  twice  the  time.  Coagulated  al- 
bumen indicates  the  commencement  of  digestion,  and  even  its  local  com- 
pletion, in  from  five  minutes  to  a  quarter  of  an  hour ;  but  here  again  much 
depends  on  the  condition  of  the  stomach  and  the  general  state  of  the  878- 
tem,  whether  the  animal  lias  been  fasting,  and  whetho-  the  gastric  juice 
is  exuding  in  a  dilute  or  concentrated  state. 

So  far  as  such  examinations  go,  thej  do  not  exhibit  any  marked  dif- 
Beapintoiydi-  ference  between  albumen,  fibrin,  and  casein.  Gelatine,  how- 
guUon,  u  of  ever,  is  acted  on  with  remarkable  rapidity.  Beaumont  ob- 
gin  ia  tha  served  that  in  an  hour  150  grammes  of  jelly  had  disappeared. 
■**™***-  The  experiments  which  have  been  made  on  the  digestibility 

of  vegetable  food  introduced  through  gastric  fistuhe  are  obviously  of  no 
use,  since  the  chief  constituents  thereof,  such  as  starch  and  fat,  are  not 
even  influenced  in  those  circumstances  until  they  have  reached  the  intes- 
tine. Their  passage  &om  the  stomach  in  this  unchanged  state,  or 
changed  only  so  far  as  their  nitrogenized  ingredients  are  concerned,  may 
teach  us  the  important  fact,  wliich  should  in  these  inquiries  be  always 
borne  in  mind,  that  disappearance  from  the  stomach  is  one  thing  and  di- 
gestion another,  and  that  even  though  a  substance  may  liave  passed  the 
pyloric  valve,  its  digestion,  far  irom  having  been  completed,  may  not  as 
yet  have  commenced. 

The  digestion  of  nutritive  or  nitrogenized  material — ^histogcnetic  diges- 
tion— is  therefore  carried  on  in  the  stomach  mainly ;  and  though  tirst 
mechanical,  and  then  chemical  agencies  are  resorted  to,  the  object  is 
throughout  the  same — to  obtain  the  food  in  such  a  divided  and  changed 
state  that  it  can  pass,  dissolved  in  water,  into  the  capillary  vessels. 
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OF  CALORIPACIENT  OB  INlESTDfAL  DIGESTION, 


Varwv  ^JuttMinaJ  DifftttioH.—Strvchitt  o/Ou:  Jntftitnt.—DvjttHvt  FhiUU  of  tie  LatjUvtc— 
Th»  t^mtcrttriic  Jmte. —  Tit  Kntrric  Jtaer, — Jtmre  of  IJdierlxlm. — SxnAm  t^  Pa/er*a 
(jImmA,  IHti. — I>u^eMtion  of  th:  OtrMij/tirnleM  awl  Jlyirwtirfwnt. — Propertir*  and  I'lin'*- 
fu»  oflJuSii:  Acid. — tktrlrmt  of  the  Effee^n  ofAcitUiy  and  AtkaCaU^  oftftr.  Dujtatirt  Jtdi-tx. 
— /ffiutratiutt  t-f  Intrxtinal  Ifi'frstitmfrom  tht  wiiXiV/  o/"  II7m. — Muhirtg  ofBrtad. — IttjhuMV* 
tif  Ilmt  orvT  FrrmmlK. — Comjtarixan  of  HetMiric  and  latf^mal  ZHifrxtian. — Chaagrs  of  the  In- 
lutiaai  VaiutMU. — The  I'ueal  lieridue*. 

After  the  chyme  formod  in  the  stomach  has  passed  througli  the  py- 
loric valve  into  the  small  inieslinc,  the  influence  of  the  gastric  juice 
continties  for  a  certain  time,  even  after  the  bile  and  pancreatic  juices 
have  been  reached.  Since  their  action  must  be  necessarily,  in  the  first 
instance,  superficial,  the  intenor  of  the  luosa  is  still  undergoing  fltomach 
digestion. 

But,  setting  aside  this  incidental  restilt,  which  at  the  most  can  not  be 
of  long  duration,  the  digestive  operation  taking  place  in  tlic  x«tureofin- 
part  of  t lie  intestinal  tract  now  under  consideration  is  di-  tr^timU  ditfe*- 
rccted  to  the  heat-making  food.  "''' 

Tlic  organ  in  which  calorifacient  digestion  takes  place  may  be  de- 
scribed as  a  tube  bounded  by  two  valves,  the  pyloric  above  structure  of 
and  the  ileo-coccAl  below.  Its  lengtli  may  be  estimated  at  tiw  iniMriiw. 
aboot  twenty  feet.  TIic  digestive  sui-face,  making  a  due  allowance  for 
itA  increase  by  reason  of  its  vaK^ular  structure  presently  to  be  described, 
can  not  be  much  under  3500  square  inches.  The  dimensions  of  the  ca- 
lorlfacient  digesting  surface  arc  therefore  far  greater  tlian  those  of  llie 
nutritive. 

The  interior  and  acting  portion  of  this  tube  presents  two  different 
systems  of  apparatus,  and  is  occupied  in  the  discharge  of  two  j. 
totally  distinct  functions,  digestion  and  absorption.     It  is,  rntu-tofinte*- 
fierhaps.  this  double  duty  which  demands  so  extensive  a  sur-  '*"*• 
[  lace,  and  not  the  necessities  of  heat-making  digestion  alone. 

Like  the  stomach,  this  tube  consists  of  three  coats — a  serous,  a  maa- 
calar,  and  a  mucous.     The  latter  is  gathered  up  in  its  inte-   .  .^. 

rior  into  numberless  projecting  folds — the  valvuln?  conniven-  nUvubB  coiuit- 
tcs.     These  serve  to  increase  the  surface  to  which  the  food  ^™'*^ 
is  exposed,  and  perhaps  afford  a  mechanical  obstacle  to  its  passing  too 
quickly  forward.     They  tend  also  to  break  the  continuous  motion,  and 
bring  the  interior  parts  of  the  chyme  to  the  surface.     The  onward  move- 
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ment  is  of  course  dae  to  the  pressure  exerted  conjointly  hy  the  straight 
and  circuUr  fibres  of  the  muscaUur  ooat.  Anatomists  divide  the  tabe 
into  tlireo  portions — the  duodenum,  jejunum,  and  ileum. 

Fig.  a.  In  J^iff.  Id  Tvc  have  a  poft- 

'■•  tenor  view  of  the  duodenum, 

a  being  its  superior  or  pyloric 
extremity,  6  tlie  middle  por- 
tion, 0  the  jejunum,  e?  tlie  gall- 
bkdder,  i  the   cystic  dnct,y3 
|4  hejMitic  duct,  c  tlic  ductus  coiU' 
^  >^^^H  munis,  m  pancreatic  dnct. 
_^^        Soon  after  the  chyme  hat 
esca[)ed    through    the   pyloric 
rolve  into  the   duodenum,  ii 
PtMicttotTmofibe^wodniim.  comes  Under  the  inHacncc  of 

llie  liile  and  pancreatic  juices,  which  nro  sometimes  discharged  upon  it 
n'nMfW  fl  *'  *  common  [X)int,  and  sometimes  at  a  little  distance  apart, 
itlsofibtin-  Almost  simultaneously  it  is  submitted  to  the  mechanical  ac- 
te«tin«.  ^j^jj  of  the  vahiUte  conniventes,  which  make  their  appearaDCc 

in  the  vertical  portion  of  the  duodenum,  and  continue  in  large  numbers 
Tintil  within  the  last  two  or  tlirce  feet  of  the  end  of  the  tube.  Aa  the 
intestine  is  distended,  these  project  with  a  certain  degree  of  turgidity, 
and  accomplish  their  mechanical  object. 

But,  besides  the  pancreatic  and  biliary  fluids,  there  are  other  juices 
tlirown  upon  tlic  passing  chyme — tlie  enteric  juice,  whidi  comes  from 
Brunner*8  glands,  and  a  liquid  oozing  from  the  follicles  of  Liebcrkubn. 
]kIoreover,  the  organisms  known  as  Peyer's  glands  are  affecting  the  con- 
tents of  the  tube.     Of  each  of  these  it  is  necessary  tliercforc  to  speak. 

1st.  The  pancreatic  juice,  secreted  by  the  pancreas,  an  oi^an  bearing  a 
PancTvatio  resemblance  in  its  anatomical  construction  to  the  salivary 
ii"'riS"pTOit  gl^Klsi  '"id  hence  usually  regarded  as  one  of  that  gtxnip. 
•rtiee  of.  The  juicc  itsclf  is  analogous  to  saliva,  being  viscid,  and  in  its 

reaction  alkaline:  its  specific  gravity  is  about  1.008.  ^Vlcohol  coagulates 
it*  It  is  said  to  contain  no  sulj)hi>cyaniUe  nor  any  auspendod  |)articlcs. 
It  acts  upon  starcli  even  more  energetically  than  saliva,  transnmtixig  it 
into  liugar  and  lactic  acid,  and  upon  fats  by  forming  them  iiito  an  emul- 
siun,  so  that  they  are  readily  absorbed.  This  lias  beeu  found  to  take 
])lace  in  artificial  experlnieuts  by  submittiug  fat  substances  to  the  juice 
at  a  temperature  of  100^. 

C^nttitntion  ofj^mcrmtic  JtiUt  c/Z>off.    (/Vom  ScAmuU.) 

Wuer - „ 900.76 

Org&nic  matter „ 90.88 

Inorgooio   **    6.80 

1000.00 
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As  would  be  inferred  from  the  difference  of  eratdsifying  power  between 
the  saliva  and  this  juice,  its  organic  mutter  differs  from  ptyaline.  It  ia 
estimated  that  the  standard  secretion  of  it  is  from  five  to  seven  ounces 
per  diem. 

The  action  of  the  pancreatic  juice  appears  to  be  limited  to  the  upper 
halt"  of  the  intestine,  for  it  is  in  that  region  only  that  butyric  acid  is  de- 
velo{»ed  fmm  butter. 

2d.  Tlie  enteric  juice  ia  secreted  by  the  organs  kno^vn  as  Bmnncr^s 

I      chmdft,  the  structure  of  which  hns  a  certain  annlocy  to  the  „      ,  ,  . 

■  precoumg,  and,  like  it,  tliese  doubtless  belong  to  the  salivary 

^unup4     Crunner's  glands  occur  chiefly  in  the  upjKT  part  of  the  small  in- 

^Hbtinc,  presenting  themselves  in  the  submucous  tisHue  then'of  as  little 

bodies,  commonly  compared  by  anatomists  to  hemp-seeds.     They  consist 

of  lobulca  with  ducts  communicating  with  a  common  outlet.     Their  »©- 

aedon  possesses  a  more  energetic  power  when  mixed  with  bile  and  pon- 

oeatjc  juice,  than  the  pancreatic  juice  alone,  in  producing  fatty  emulsions. 

Ill  tJie  opiiiitin  of  Bidder  and  Srhmidt,  the  intestinal  juice,  which  they 

r  describe  as.  being  iuviiriiibly  alkaline,  not  only  inetamoqihosc-s  starch  as 
r^  fia  rapidly  as  the  saliva  or  pancreatic  juice,  but 

'Ctclflj^viBveav^M  /ejns^  nlso  exerts  as  powerful  an  action  on  flesh, 
.ffl^A^ca.     ^^^^  albumen,  and  other  protein  bodies  as  that 

wliich  occurs  in  the  stomach  itself. 

In  J^ig.  20,  which  is  a  half  diagram  of 

one  of  these  glands,  a  a  represents  the  mu- 

coufl    surface   of  the    intestine,  and  It  the 

I^pr^  lobulated  gland,  discluu^ing  its    secretion 

n^cruaorBninwriKUiM..  ihrough  a  common  duct. 

3d.  The  secretion  of  the  follicles  of  Liebcrkuhn,  which,  as  shown  in 
Fi<j.n,  arc  straight,  narrow  cciocal  dc-  g„^,i^„^f 
pressions  of  the  mucous  membrane-,  found  foi]icie«  of 
all  over  the  small  intestine^  and  in  a  gen-  ^«*'*'*^^''- 
cral  manner  analogous  to  the  tubular  follicles  of  the 
stomach.  Their  interior  is  linefl  with  oolumnnr 
epithelinm,  and  in  depth  they  are  equal  to  the  thick- 
ness of  the  mucous  membrane,  their  closed  ends  be- 
ing therefore  in  contact  with  the  submucous  tissue, 
and  their  mouths  ojKming  into  the  intestine.  In  a 
Btatc  of  health  they  contain  a  eJcar  mucud-liko  secre- 
tion. In  inflammations  of  the  part  they  arc  filled 
with  a  more  opaque,  whitish  liquid.  Trom  their  rc- 
iteinbUnee  to  the  follicles  of  the  stomach  which  secrete  {ie|>sln,  it  may  bo 
that  they  possess  a  somewhat  similar  function;  but  in  the 
acbf  the  icsolting  secretion  is  brought  in  relation  with  acids ;  in  tho 
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intestine,  witli  alkiiliiie  bodiea ;  and  hence  the  physiological  action  may 
differ  in  the  two  positions,  though  the  structure  and  primary  fimction 
may  be  the  same. 

4tU,  The  secretion  of  Pcyer's  glands.  Tiiese  may  he  descrihed  as  cir- 
8««tion  tnm  ^^^^^  spots,  of  a  wliitiflh  color,  and  ahout  the  tenlli  of  an  inch 
lVy«f'»giftndj.  in  diameter,  constituting  glandular  patches  fall  of  cell  germs, 
hut  without  any  excretory  duct  opening  into  the  intestine.  It  is  sup- 
posed that  they  discharge  their  contents  by  rupturing  at  a  certain  Btage 
of  their  development.     The  solitary  and  agminate  glands  appear  to  he- 


irt 


Vvjmitn  glwuU. 


long  to  (he  name  jihysiological  group. 

TIic  two  conditions  of  the  Peyerian  glands 
arc  shown  in  J^ff.  S2,  the  right  one  being 
empty,  its  contetits  having  been  discharged, 
the  left  one  still  full.  My  some  it  is  denied 
that  these  bodies  are  connected  with  intes- 
tinal digestion.  The  facta  that  vascular 
loops  ]>ass  into  tlieir  graimlar  contents,  and 
that  the  lactcals  hear  a  definite  relation  to 
them,  seem  to  indicate  that  they  are  rather  portions  of  the  absorbent 
mcclionisra. 

6th.  The  bile.  Of  this  it  is  not  now  necessary  to  gi\*e  a  detailed 
,  description,  since  that  will  occur  more  appropriately  in  treat- 
ing of  tlic  functions  of  tlic  liver.  l*'or  t!»e  present  purpose,  it 
is  suificient  to  state  that  bile  is  a  greenish-yellow  liquid,  of  bitter  taste 
aud  alkaline  reaction.  It  is  soluble  iu  water,  changes  with  rapidity 
under  llic  intlucncc  of  the  air,  or  even  spontaneously.  Its  specific  grav- 
ity is  about  1.028,  An  ultimate  analysis  of  its  organic  material  shows 
C-g,  11^,  O2,,  Nj,  with  sulphur.  Its  aspect  is  therefore  lliat  of  a  hydro- 
carbon, and  it  stands  in  strong  contrast  with  the  nitrogenized  Iwdies. 
It  is  a  significant  fact  tliat,  even  in  the  lower  tribes  of  life,  it  is  uniformly 
discharged  into  the  upper  part  of  the  intestine.  Bidder  and  Schmidt 
estimate  the  diurnal  quantity  of  bile  at  54  ounces,  containing  5  per 
cent  of  solid  matter;  tliey  also  give  the  following  table  of  the  diurnal 
amounts  of  the  various  digestive  tiuids  secreted  by  a  man  of  the  stand- 
ard weight,  140  pounds : 

IMunal  Amount  pfDttffHn  Seentiotu. 
Ralira S.30  Ibf.,  conuimn;  solid  moUer  1.  per  ceaU 


nilD S.80 

GuatricJuuse H.OS 

J'ancreaiic  Joioe. . .  .44 

Intestiiml  Juicw  ...  .44 


5. 

3. 
.t 
1.5 


The  bile  docs  not  appear  to  esert  any  agency  in  effecting  the  digestion 
of  either  nitrogenized  or  amylaceous  bodies.     The  period  of  its  max- 
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imiun  production,  which  is  13  or  14  hotirs  after  a  meal,  docs  not  coincide 
with  the  [)cnod  ot'inost  energetic  digestion. 

With  these  statements  of  the  nature  of  the  Torioua  juicca  which  pass 
into  the  email  intestine,  we  may  proceed  to  uivestigatc  the  phenomena 
of  the  digestion  carried  on  in  that  tube. 

In  1832,  Dr.  Bright,  to  whom  medicine  U  so  inach  indel}tc<l  for  his 
discorcries  in  relation  to  the  pathology  of  the  kidney,  pub-  XnnOsUyiiiB 
Itsbed  ibrce  cases  of  disease  of  the  pancrens,  attended  by  the  poworofpwi- 
appearance  of  a  large  quantity  of  fat  in  the  faces,  and  drew  '^'^'  "^J""*- 
tlic  int'crenoe  that  in  sucli  morbid  states  the  fats  arc  imperfectly  digested. 
More  recently,  M.  Bernard  has  published  experimental  evidence  to  prove 
tliat  the  digestion  of  the  fats  consists  in  bringing  them  into  the  condition 
of  an  emulsion,  and  that  the  pancrcjUic  juice  accomplishes  this  object. 

W'liatcver  influence  the  pancreatic  and  enteric  juices  can  exert  on 
starch  and  oil  ontsido  of  the  body,  in  artificial  experiments,  they  un- 
doubtedly exert  it  in  the  small  intestine  as  long  as  the  temperature  is 
the  sainc.  On  sturdi,  the  action,  as  has  already  been  stated,  is  to  efTcct 
its  conversion  into  sugar,  and  then  into  lactic  acid.  The  oils  are  turned 
into  emulsions.  The  constitutional  relation  between  starch  and  lactic 
acid  is  such,  that  if,  in  prcRcnoc  of  water,  one  atom  of  the  sub-nv(^|on  gf 
former  be  cquaUy  and  systematically  sjdit  or  divided  into  iiariMDiolflo- 
two  portioiis,  those  portions  arc  atoms  of  lactic  acid.  And 
since  tliis  substance  contains  no  nitrogen,  its  oxidation  either  artificially 
or  in  the  interior  of  the  system  gives  origin  to  carbonic  acid  and  water 
— bodies  which  can  at  onco  be  removed  by  the  action  of  the  skin,  or  the 
lungs,  or  the  kidneys. 

Jlespecting  the  digestion  of  the  carbohydrates — cellulose,  gum,  starch, 
and  the  diffiTcnt  kinds  of  sugars,  it  may  be  rcmarkc<l,  that  eel-  di-5((J(„  of 
Itdoaet  of  which  tho  pith  of  elder  is  an  example,  and  which  theMru-hy- 
occars  in  a  pm-c  form  in  Swedish  filtcring-pa|)cr,  not  only  re-  """" 
sista,  in  artificial  experiments,  the  action  of  the  digestive  juices,  but  also 
it  would  ap(>ear  to  do  so  naturally  in  tho  higher  tribes,  and  hence  it  is 
abun'Iantly  found  in  the  excrement  of  the  hcrbivora.  To  this  statement, 
perhaps,  ho\Tcvcr,  the  case  of  the  beaver  aifords  an  exception,  DigesUooor 
lh<Te  being  reason  to  suppose  that  this  animal  possesses  the  «ii«1m«« 
power  of  digesting  cellulose. 

There  can  be  no  doubt,  moreover,  that  many  insects  have  tlie  same 
power,  for  chitin,  which  may  be  obtained  from  their  wing-cases,  and  which 
retains  the  appearance  of  the  structure  of  the  part,  may  be  considered  as 
ocUoIose  united  with  a  mtrogenized  body,  Iiaviug  tho  constitution  of  in- 
sect muscular  fibre.  This  substance  not  only  constitutes  the  skeleton 
of  bisects,  their  scales,  hairs,  and  enters  into  the  construction  of  their 
trachea.*,  but  even  forma  one  of  tlie  coats  of  their  intestinal  canaL     Since 
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it  does  not  appear  that  they  can  metamorphose  other  carbohydrates  Into 
this  body,  we  may  infer,  as  would  indeed  seem  probable,  considering  tlte 
nature  of  the  food  of  many  of  them,  that  tiiey  can  digest  woody  fibre 
Tho  digestive  apparatus  uf  man,  however,  can  not  exert  such  a  |>ower. 

Noitbcr  does  it  appear  that  grnn  undergoes  cither  digestion  or  absorp- 
DigoftUonoT  t'on-  In  arltficial  cxj»eriments  it  also  resists  tlic  action  of  di- 
E"™-  gcstive  fluids,  and  is  not  changed  when  present  during  the 

fermentation  of  other  bodies,  even  though  its  exposure  thereto  be  contiit- 
ued  for  several  days.  Administered  to  animnls,  it  la  almost  cntiivly 
voided  with  the  excrement.  Thus  Boussingault,  Imving  given  to  a  duck 
fifty  grammes  of  gnni-arabic,  obtained  forty-aix  gnunnies  from  tlie  ex- 
crements in  nine  hours.  In  an  experiment  ujton  an  old  rabbil,  to  wliicli, 
with  a  diet  of  eabltage-leaves,  ten  grammes  of  gum-arabic  were  daily  given 
by  Ijchmann,  the  gum  l«ing  administered  in  solution  in  water  by  injec- 
tion into  the  stomach,  no  trace  whatever  of  gum  could  be  detected  in 
the  luine,  none  in  the  chyle  of  the  thoracic  duct,  and  none  in  the  blood, 
but  it  was  easily  enough  recognized  in  the  excrement.  From  tbis  ha 
infers  that  tho  preparations  of  gmn,  which  are  sucli  favorite  medicines 
with  some  physicians,  yield  to  the  animal  organism  only  an  extremely 
small  riuantity  of  material  of  a  nature  to  support  the  resjiiratory  process, 
and  that  their  uses,  if  they  are  of  any  use,  can  bo  merely  negative  in 
acute  diseases. 

Of  tho  carbohydrates,  starch  is  pcrimps  tho  most  important,  occurring 
Du^-itiouof  ^  >i  (1o<^  ^n  abnndanec  in  vegetable  food.  It  can  not  bo  mado 
iunji.  ygg  Qf  jn  t|j(,  gystera  without  first  being  transmute<l  into  dex- 
trine^ sugar,  and  eventually  lactic  acid,  these  clianges  being  greatly  es- 
[)edilcd  if  it  has  been  previously  prepared  by  boiling  in  water,  or  other 
equivalent  operations  of  cooking.  The  saliva  commences  the  action* 
whicli  in  man  is  even  prolonged  in  the  stomach,  and  in  the  hcrbivora  still 
more  decisively  in  the  paunch,  in  bii-da  in  the  crop.  On  gaining  the  stom- 
acli,  the  fartlier  transmutation  of  the  starch  is  arrested  by  the  gastric 
juice,  but  after  reaching  the  duodenum  it  is  resumed  with  greater  energy 
than  ever,  under  tho  intiuence  of  the  pancreatic  juice.  Reaching  the  ile- 
um, the  intestinal  juice  continues  the  action,  though  with  less  vigor.  In 
this  passage  to  the  large  intestine,  the  starch  is  gradually  assiuning  the 
condition  of  dextrine  and  sugar,  the  former  substance  passing  into  the 
latter  with  such  facility  tiiat  it  can  only  be  recognized  transiently. 
Douijtlcss  the  sugar  tlius  arising  is  in  great  part  directly  alworbed,  though 
some,  Ixforc  the  coeeum  is  reached,  is  transmuted  into  lacttc  acid,  and  otli- 
cr  portions,  after  j)assing  through  the  ilco-cwcal  valve,  into  butyric  acid. 

From  what  lias  been  obscn  al  resjiecting  starch,  it  may  be  inferred  hew 
PiRvsUonof  important  sugar  is,  since  through  the  condition  of  sugar  alone 
Bugar.  ig  starch  available  for  the  uses  of  the  system.     It  is  to  be  re> 
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oUecfed,  however,  that  sugar  itself  is  only  an  intermediate  or  transitory 
stage,  throngh  which  tlie  carbobyflrate  is  passing,  a  coiisiileratiou  which 
explains  the  circumstance  that  it  does  not  occur  even  in  the  portiU  blood 
'  to  such  an  extent  as  might  be  expected,  nor  yet  in  the  chjlc.  Some 
have  been  led  to  ini'er  from  these  facts  that  tliia  substance,  like  ^nini,  ia 
iji  reiiUty  only  very  tardily  absorhcd,  an  opinion  wliich  they  sujjpotic  to 
bo  itTBngthcncd  by  the  circumstance  that  glucose  or  any  other  kind  of 
sngar,  iniroduced  into  the  jugular  vein,  runs  through  the  course  of  the 
circnlation,  and  is  secreted  unchanged  by  the  kidneys.  Hut  it  is  to  be 
remembered  tliat  portal  blood  is  very  different  from  the  proper  systemic 
blood,  ajid  tliat  tlnipe  are  many  changes,  beyond  all  question,  which  can 
take  place  with  nipidity  in  the  former,  but  wliich  do  not  take  place  in  the 
Utter. 

&igar,  whether  it  has  been  received  as  an  ingrwlient  of  tlic  foo<l,  or 
arisen  from  the  metamorphosis  of  starch,  is,  as  we  liavc  said,  only  a  tem- 
porary form,  which  passes  quickly  onward  to  the  state  of  lactic  acid.  To 
this  we  must  intputo  the  acid  reaction  which  is  observe<l  throughout  the 
length  of  the  small  intestine,  and  which  can  not  be  attributed  to  the  gas- 
tric juico,  a  reaction  ocntrring  in  spite  of  the  alkalinity  of  the  bile  and. 
pancreatic  secretion.  This  pushing  of  the  carbohydrate  forward  to  the 
st«lo  of  lactic  acid  is  very  generally  imputed  to  the  intestinal  juice,  which 
greatly  re-enforces  the  power  of  the  saliva  and  pancreatic  Buid;  some  have 
even  supposed  that  the  bile  aids  in  producing  this  etfect.  Of  this,  how- 
ever, there  is  no  satisfactorj-  proof. 

From  the  experiments  of  Von  Becker,  who  injected  saccliarine  solu- 
i  tkms  at  intervals  of  a  quarter  of  an  hour  into  the  stomach  of  rabbits,  it 
I  lima  fonnd  that  4.5  parts  of  sugar  were  absorbed  each  hour  for  every  lOOO 
|]MUl»  weight  of  the  animal.      Wluitevcr  may  have  been  the  form  of  sugar 
admin  is  tcrctl,  as,  for  instance^  cane-sugar,  it  quickly  passes  into  tlic  con- 
dition of  glucose  in  the  intestine,  and  from  that  to  lactic  acid.     Thus  sug- 
ar of  milk  may  be  traced  in  an  hour  as  for  as  the  cax;um,  communica- 
ting to  tlie  contents  of  the  small  intestine  an  intense  acid  reaction. 

Since  lactic  acid  dischari^s  very  important  oflices  in  the  animal  econ- 
ooiy»  it  may  be  worth  while  to  observe  its  properties,  and  pro«iurtionand 
Ibe  dreams tancea  under  which  it  is  produced.     Very  many  proi»cnie»of 
liquid*  containing  organic  matter  yield  it  abundantly:  thus  it  *"'*<'■"*'• 
ia  found  iu  sauer  kraut.,  a  preparation  of  cabljagc.     It  is,  however,  more 
cooTenicntly  obtained  from  milk,  and  hence  the  term  lactic  aciiL     The 
dilotnl  solution  obtained  from  this  source,  being  concentrated  by  evap- 
oration, furnishes  a  sirupy  liquid,  heaWcr  than  water,  ha^nng  an  intenso> 
[  \y  sour  taste,  a  great  aiBnity  for  water,  and  therefore  attracting  it  from 
I  tbo  air,  and  dissoU-ing  freely  in  it.     With  metallic  oxides  it  forms  soln- 
1  ble  salts,  and  in  the  concentrated  sirupy  state  has  the  remarkable  con- 
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sUtntioa  that  it  contains  six  atoms  of  eacli  of  its  elements,  carbon*  bjr- 
drogen,  and  oxygen. 

The  production  of  this  acid  in  organic  substances  is  very  common. 
It  dejxrnds  on  the  same  principle  03  presented  in  duodenal  digestioot 
which  it  therefore  very  strikingly  illustrates.  As  an  example  descr\'ing 
of  attentive  consideration,  its  development  in  milk  nuiy  be  otfcrcJ. 

Wlien  milk  is  exposed  to  tlio  air  it  eventually  turns  sour,  the  sour- 
ness Unng  due  to  the  ap{>earunce  of  Inotic  acid.  In  its  sweet  state,  tlie 
milk  may  lie  regarded  as  consisting  of  casein,  or  the  cnrrly  principle,  t 
substance  Iclonging  to  the  protein  group,  insoluble  in  pure  water,  bat 
abundantly  soluble  if  a  little  free  or  carbonated  alkali  be  present ;  of  milk 
sugiu-,  dissolved,  and  of  butter  held  in  suspension  in  water.  The  ao- 
p^-^j  .  tion  taking  place  during  the  souring  is  aa  follows:  Under 
Wtic  iiH.i  tbo  influence  of  atmospheric  oxygen,  which  for  this  purjwsc 
"^  ""  ■  must  have  access,  the  nitrogcnizcd  principle,  the  casein,  be- 
gins to  change,  and,  for  reasons  presently  to  be  more  jtarticularly  cxum- 
incd,  impresses  a  change  on  the  sugar,  s])Iitting  its  atom  so  as  to  gi\'e 
rise  to  the  production  of  lactic  acid.  As  this  forms,  it  renders  the  cos^ 
insoluble,  and  the  milk  begins  to  coagulate,  to  prevent  which  a  little  car^ 
bonntc  of  soda  may  from  time  to  time  be  added.  All  the  sugar  origin- 
ally present  in  the  milk  is  soon  acidified,  bat  a  much  strongci  solution 
can  bo  made  by  adding  more  milk  sugar  as  the  process  of  exbaiistion. 
goes  on,  and  the  change  can  be  thus  kept  up  until  the  casein  itself  is 
quite  consumed. 

On  examining  this  process  critically,  we  observe  that  every  thing  de- 
pends on  the  change  occurring  in  the  nitrogeuized  principle,  the  caseiiu 
lliis,  under  the  circumstances,  takes  on  an  incipient  oxidation,  and  com- 
pels the  sugar  atom  so  to  di\ndc  as  to  give  rise  to  the  production  of  lac- 
tic acid.  This  ceases  the  moment  the  casein  ceases  to  change,  and  re- 
commences the  moment  the  casein  is  pcnnittcd  to  reoxidize.  The  de- 
struction taking  place  in  the  casein  is  prnp,igatcd  to  the  imgar,  the 
physical  peculiarity  being  that  the  atom  of  sugar  is  merely  divided,  fi»- 
Burcd,  or  split,  and  gives  rise  to  the  production  of  lactic  acid,  and  no 
other  substance.  The  whole  process  is  therefore  essentially  one  of  sub- 
division, a  conclusion  wliich  should  be  carefully  borne  in  mind  in  apply- 
ing these  experimental  principles  to  the  physiological  function  of  diges- 
tion.    So  far  as  the  result  is  concerned,  the  two  cases  are  the  same. 

Mary  other  organic  liquids  furnish  similar  illustrations.  Thus,  in 
Pmdnctioncf  ^^^  operation  of  making  starch  for  commercial  purposes,  cou- 
inctir  i.^d  siderable  quantities  of  that  substance  are  turned  into  lactic 
rom&u  ^^jj^  constituting  what  the  manufacturers  term  wur  li^tt&K 
Nor  is  it  even  requisite  tliat  so  much  water  should  be  present  as  to  give 
the  liquid  condition ;  for  if  wheat  flour  be  made  into  a  paste,  and  kept  for 
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Ifiomc  days  in  a  warm  place,  its  gluten  induces  such  a  cluingc  tliat  tho 

'  starch  turns  into  lactic  acid,  and  the  paste  becomes  sour. 

Of  lactic  acid  there  are  two  kinds ;  that  derived,  as  hereafter  stated, 
from  muscle  juioe,  is  the  alpha  lactic  acid,  and  that  from  the  Alpha  ud  burs 
feniiciilation  of  sugar  the  beta  lactic  acid.     As  it  occurs  in  l«^o»cnl. 
tlic  gastric  juice,  associated  with  or  replacing  Jiydrochloric  acid,  it  is  of 

I  the  beta  rariety.  Whatever  may  have  been  the  source  of  this  portion 
of  it,  whether  it  haa  been  derived  by  gastric  secretion  or  llirough  the 
transmutation  of  amylnceous  food  by  the  saliva,  its  abundant  occurrence 
in  the  contents  of  both  the  sninll  and  large  intestinal,  in  which  it  is  rcc- 
<^izod  by  the  peculiarities  of  ita  zinc  and  magnesia  salts,  confirm  iho 
coQclusion  that  in  this  case,  at  least,  the  beta  fonn  arises  from  the  opera- 
tion of  the  digestive  juices. 

Xjactic  acid  undergoes  rapid  absorption  through  the  intestine,  and  is 
as  mpidly  di.^]io»ed  of  in  the  system.  Thus  Lehmann  found,  nfter  tak- 
ing Iialf  an  ounce  of  <lry  lactate  of  soda,  that  in  thirteen  minutes  his 
nriue  liad  become  alkaline.  On  injecting  the  same  salt  into  the  jngnlnr 
Tcin,  it  appeared  in  from  five  to  twelve  minutes  as  carbonate  of  soda  in 
the  orine. 

Bereclius  first  discovered  the  existence  of  lactic  acid  In  the  juice  of  the 

Licbig  showed  that,  in  quantity,  there  is  more  p^i„^,|rtn  of 

r  in  this  source  than  is  sufficient  to  neutralize  the  alkuli  l»c''<:  •^i'l  t'y 

^of  ail  the  other  liquids  or  juices  of  the  lK>dy.  Muselc  lac-  ^  "  ""^  *** 
tic  add  is  removed  away  with  rapidity  by  the  lymphatics,  Berzclios 
conctaded  tliat  its  quantity  increases  In  proportion  to  the  exercise  tho 
imisele  has  undergone ;  and  this  would  lead  to  the  inference  that  it  is 
one  of  the  chief  products  of  muscular  waste ;  for  it  is  not  to  be  supposed 
that  its  appearance  in  muscle  juice  is  because  those  organs  attract  it 
irom  the  blood,  in  which  it  pre-exists,  derived,  iierliaps,  from  the  trans- 
formation of  amylaceous  substances  in  the  inteatinCi  for  the  muscles  of  tho 
camivora  yield  as  much  of  it  as  those  of  the  hcrhivorn ;  and  though  it  can 
oot  be  artificially  made  directly  from  albuminous  material,  yet  it  would 
•oem  that,  with  urea  and  ammonia,  it  mtglit  arise  from  the  breaking  up 
of  caratine.  From  glycerine  lactic  acid  may  be  also  developed,  Wlien- 
erer  ati  excess  of  it  is  produced  lu  the  system,  either  by  muscular  action, 
tmxisiuil  diet,  or  imi)erfcct  oxidation  in  the  blood,  it  may  l)c  detected  in 
the  oriue.  Under  ordinary  circumstances,  doubtless,  very  large  quanti- 
ties of  it  ore  destroyed  in  the  circulation,  giving  rise  to  the  production  of 
carbonic  acid  and  water  wth  a  disengagement  of  heat. 

We  can  not  hero  fail  to  remark  how  the  process  of  comminuting  the 
food  is  carried  for^'ard  to  such  an  extent  that  the  absorbent  Tfacwdignt- 
Tcssels  arc  able  to  take  it  up.     The  action  first  begins,  a3  has   i*,^  JJJJJS^^ 
ahown  in  detail,  by  cutting  and  cnishing  implements,   i«o«. 
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the  tcetb,  and  when  these  h&re  carried  the  eabdivision  as  far  as  mechanical 
incana  can,  it  is  continued  by  chemical  ogenta.  Upon  these  principlES, 
the  pancreatic  juice  di\'ides  starch  into  Uctic  acid  in  duodenal  digestioo — 
a  product  which,  without  difficulty,  Hnds  its  way  at  once  into  the  s/stenh 

Besides  starch  and  sugar,  there  is  another  group  of  bodies  lidoagiBg 
DismUooof  to  the  class  of  calorilacient  food,  wliich,  in  the  case  of  camiv- 
^^  orous  animals,  weins  to  Ix;  exclosively  employed.     The  fals 

and  oils  constitute  this  group. 

The  action  of  the  pancreatic  and  enteric  juices  upon  these  bodies,  in 
bringini;  them  into  the  condition  of  an  emulsion,  has  already  been  stated. 
That  tlii^  occurs  iu  the  intestine  appears  from  the  fact  that  if  the  pan- 
creatic duct  be  tiedf  no  cinnlnion  forms,  and  the  chyle  in  the  lactcali 
is  limpid  instead  of  being  milky.  In  the  rabbit  tliis  duct  opens  much 
lower  iu  the  intestine  than  the  biliary,  and  it  is  observed  that  it  is  only 
after  the  food  has  passed  that  pjint  that  it  becomes  emulsioned.  The 
place  for  pancreatic  digestion  seems  to  be  very  constant  in  tribes  that  an 
far  apart  in  habits  of  life.  Thus,  in  fishes,  the  pancreas  oonf^ists  of  a 
onet  of  ccecal  tubes,  smroundiing  the  pyloric  e^ttremity  of  the  in 
each  o|>cning  into  that  organ  by  a  separate  mouth. 

The  lats  reach  tlic  dnodennra  witlioiit  tmdorgoing  any  change.  There, 
under  the  influence  of  the  pancreatic  juice,  they  bceomo  Rubdi\*ided  into 
extremely  minute  portions,  whicli,  absorbed  by  the  lactcals,  give  to  the 
chyle  its  cliaractcristic  aspect.  Beyond  tliis  condition  of  subdivision 
no  other  change  is  thus  far  impressed,  the  fat  of  tliv  lactcals  being  abso- 
lutely t!ie  same  as  that  of  tlic  chyme.  To  the  introduction  of  fat  into 
the  lactoaU,  the  presence  of  bile  seems  to  be  necessar)*,  or,  it*  not  abaolnle- 
ly  necessary,  absorption  is  greatly  facilitated  by  it 

Thfi  gastric  and  pancreatic  juices  stand  in  a  remarkable  relation  to  one 
Bernard's  doc  ""o*''<'''«  *''6  former  being  an  acid  liquid,  having  tlie  jxiwer 
trine  of  the  ef.  of  bringing  into  a  state  of  solution  nitrogrnized  bodies,  such 
and  aikaHiiUy  ^^  fibrin  ;  the  latter  alkaline,  without  action  on  nitn.igenized 
in  111*  ditceftt-  Iwdics,  but  operating  energetically  on  starch,  sugar,  and  oils. 
From  this  it  miglit  be  supposed  that  the  intrinsic  qualities  of 
these  juices  are  different,  and  that  they  act  in  this  manner  bccansc  of  a 
special  dissimilarity  of  eonstitntion. 

Attempts  have  been  made  to  prove  tliat  this  difterenoe  of  action  d^ 
pends  wholly  on  the  chemical  relations  of  the  jtiice  itself.  If  pancreatic 
juice  or  saliva  be  purposely  acidulated  with  livdrochloric  acid,  it  is  said 
that  it  loses  at  once  the  power  of  acting  on  calorifacicnt  food,  but  can 
bring  about  the  solution  of  the  hi.stogcnctic.  On  the  other  hand,  if  gas- 
tric juice  be  rendered  alkaline  by  admixture  with  soda,  it  no  longer  dis- 
solves fibrin  or  coagul.'itod  albumen,  but  gains  the  power  of  acting  on 
etarch  and  sugar.     Since,  then,  it  thus  appears  that  the  same  or^janic  body 
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becomes  endowed  with  one  or  otlicr  of  these  proprrties,  according  aa  it  is 
acidulated  or  aikalinized,  the  Ainction  of  digestion  is  presented  to  us  un- 
der a  simple  aa|>cct.  It  is  upon  the:^  principles  that  we  may  expUiin 
the  fact  that  the  presence  of  bile  in  the  stomach  suspends  or  arrests  the 
digestion  going  on  in  that  oi^an. 

Though  the  views  here  expressed  ore  such  as  arc  received  among  many 
chemists,  yet  it  is  still  open  for  consideration  whether  the  tii«  Mum  or 
nature  of  the  result  which  ia  reached  in  these  cases  docs  not,  *'"'  «ft'«"»':  »a- 
to  a  great  extent,  depend  upon  the  nature  ot  the  organic  biipuruutifaui 
changing  body,  Ihe  ferment,  M'hich  tirst  seta  up  the  action.  ^°  rwiaiwi. 
Uany  circumstances  would  lead  us  to  infer  that  this  must  be  the  case, 
and  tlutt.  as  with  ditfcrcuccs  of  temperature,  so  also  with  these  ditl'crcnces, 
the  final  result  may  present  distinct  variations,  though  they  may  be  with- 
in a  certain  range  or  limit.  Thus, though  the  saliva  and  pancreatic  juice 
are  both  alkaline,  and  both  impress  in  a  general  way  the  same  digestive 
change  on  starch  and  sugar,  a  minute  examination  of  the  results  of  their 
action  would  doubtlesa  leit J  to  the  detection  of  sLadcs  of  diflerence — va- 
riations which  could  oidy  bt-  allribulcd  to  the  diflerHnco  betwewi  tlic  oct- 
hre  Clonic  principle  of  the  j>ancrcatic  juice,  and  ptyaline,  the  correspond- 
ing principle  of  the  saliva. 

The  imputed  control  which  the  alkalinity  or  acidity  of  the  digesting 
juices  ejcerts  in  determining  t]ie  result,  illustrates  tlie  import-  Kpi^domof 
aut  function  discharged  by  common  salt,  which  fumislies  to  cnmmon mU  Ln 
the  juices  of  Uie  stomach  and  intestine  tiie  characteristic  in-  ^"  **"' 
grdients  they  require  by  breaking  up  readily  into  hydrochloric  acid  and 
aoda,  and  re-forming  at  once  whenever  tlicse  materials  arc  bronght  in 
contiKt,  There  is,  therefore,  an  important  reason  for  the  instinct  which 
animals  display  in  resorting  to  the  use  of  thia  substance,  as  in  the  buffa- 
lo licka  at  the  West,  and  the  necessity  which  men  cxj»cricncc  to  add  it 
as  a  condiment  to  tiieir  food.  But  though,  by  furnishing  an  acid  or  al- 
kali, as  the  case  may  be,  it  detennines  tbo  nature  of  the  work  wliich  the 
secreting  juices  pertbrm,*  it  is  not  to  be  regarded  as  the  prime  mover  of 
the  change.  It  guides  rather  tlian  works.  The  efficient  principle  bring- 
ing about  digestion  appears  always  to  be  a  nitrogcnizcd  body,  acidulated, 
perhaps,  for  the  production  of  one  duty,  and  rendered  alkaline  for  the  per- 
CormaDoe  uf  another. 

Directing  our  attention  now  more  partiadnrly  to  the  phenomena  dia- 
playcd  by  such  a  changing  nitrogenized  principle,  the  following  illustra- 
tions will  serve  to  show  that  there  ia  nothing  mysterious  in  its  operation. 
Out  of  many  cases  which  might  Iw  aelccte*!,  tlioae  now  to  bo  offered  are 
mon  particularly  interesting,  since  they  refer  to  substances  extcusivcly 
Bflod  in  the  diet  of  man. 

it,  o(  wine.     A  grape,  if  perfectly  sound,  will  keep  for  a  consider- 
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IHurtrition  ^^^^  length  of  time  withoat  undergoing  any  change  ;  hut  if 
from  ihfl  nuk-  a  puiictuie  he  made  in  it  to  give  the  air  access,  it  rapidly  Je- 
^  *  ***■  leriorates.  The  precise  change  taking  place  i*  perhaps  bet- 
ter understood  by  ohscrvBtions  on  the  ejcpresscd  juice  ot'  this  fhiit.  If 
grape*  be  pressed  beneath  the  puriacc  of  quicksilver,  and  the  juice  be  col- 
lected in  an  inverted  jar,  witliout  ever  coming  in  contact  with  the  atmos- 
pheric air,  it  may  be  kept  for  a  long  time  without  any  apparent  change; 
but  if  a  ftniall  quantity  of  air,  or  only  »  single  bubble  of  oxygen  is  p»- 
mitted  to  enter  the  jar,  and  the  tcjuiiexature  iii  that  of  a  »uinmer*s  thty,  m 
intestine  commotion  or  fermentation  at  once  cnsiiPi*,  carltonic  acid  escapes, 
alcohol  arises  in  the  liquid,  and  the  sugar  which  was  in  tlie  grape-juice 
disappears.  But  (lie  quantity  of  sngar  thus  cajmble  of  being  destroyed 
is  limited,  and  a  point  is  eventually  reached  at  which  no  more  sugar  can 
be  decomposed,  and  no  more  carbonic  acid  set  ^c. 

The  juice  of  the  grape  contains  a  nitrogenized  principle  resembling  al- 
bumen- Tt  iH  this  whicli  is  in  reality  the  active  body.  So  long  as  ox- 
ygen is  excluded,  this  nitrogenized  sulifltance  remains  unaltered,  but  the 
moment  the  air  finds  access  a  change  begins.  The  sugar  which  is  pres- 
ent in  the  juice  becomes  involved  in  the  movement  going  on,  which  ig 
propagated  by  degrees  to  all  its  atoms,  divitUng  each  into  two  well-known 
and  well-marked  bodies.  The  jwriod  at  which  no  farther  change  takes 
]ilrice  in  portions  of  sugar  which  may  have  l>ecn  purposely  added  is 
wlien  the  nitrogenized  principle  has  disappeared. 

Carbonic  acid  and  alcohol  arc  the  two  substances  arising  in  this  de* 
composition.  Their  mode  of  origin  is  obvious  when  it  la  understood 
lliat  one  atom  of  Hugar  can  be  so  divided  aa  to  yield  four  of  carbonic  acid 
and  two  of  alcohol.  In  this  artificial  instance,  the  subdivision  is  even 
more  complex  than  tliat  which  occurs  in  duodenal  digestion,  in  whicli  the 
sugar  atom  is  uuhdividcd  into  two  etpiol  and  symmetrical  parts,  two 
atoms  of  lactic  acid.  In  the  following  formulas,  (1)  represents  the  case 
of  vinous  production,  (2)  that  of  duodenal  digestion  : 


(1) 

(2) 


C.,H„0,=4(CO,)+5(C,H.OJ. 

c„ir„o„=2(c,H,oj. 


I 


Second,  of  bread.     If,  in  the  preceding  case,  a  transmuting  nitrogen- 
ized bodv  breaks  tiic  sucar  atom  so  tliat  alcohol  is  one  of  the 

ninslmtion  ■  ,  •  •      -    ,        n       •  ,   •  -        . 

rn>iii  maklDg  prouucts,  snu  upon  this  principle  all  wines  and  intoxicating 
ortirrnil.  liquors  are  made,  the  instance  now  presented  is  of  far  more 
interest  to  the  well-being  of  man.  The  use  of  wine  undoubtedly  adds 
not  only  to  social  enjoyment,  but  sometimes  conduces  to  health — a  ben- 
efit, alas  !  often  attended  with  a  thousand  ills.  Not  so  with  bread,  em- 
phatically and  truly  descrilx-xl  as  the  staff  of  life. 

The  making  of  wuie  and  of  leavened  broad  are  two  of  the  oldest  cliem- 


J 


nxrsTftATioy  from  the  maeino  of  bread. 
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pfocessos.  Their  ongin  i^  lost  In  a  remote  antiquity,  and  so  uni- 
lersaltj  are  their  benefits  acknowledged  that  their  use  is  dttiusod  all  over 
le  world. 

Kxpcricnce  proves  that  the  Iwst  bread  is  made  from  tine  whcaten  tlour, 
Dixed  into  a  paste  with  a  due  proportion  of  water,  A  certain  quantity 
if  a  nitrogenizcd  Bubstancc  undergoing  incipient  oxidation,  loniiod  ycatit, 
added,  and  llio  whole  submitted  to  a  gentle  tcni]>erature.  AU  flour 
Kmtains  a  small  quantity  of  sugar;  on  tliis  the  yeast  immediately  acts, 
ividing  it,  as  in  the  former  case,  into  carlK>nic  acid  and  alcohol.  If 
noQgU  su^ur  is  not  present,  more  under  tho  circumstanccB  is  formed  from 
iorctu  The  acid  gas,  as  it  is  set  free,  can  not  extricate  itself  from  the 
uiTOunding  dough,  but  expands  into  a  thousand  little  vesicles  or  bub- 
llc»,  which  give  that  peculiar  jxirosity  for  which  this  kind  of  bread  is  so 
ghly  pri?^.  At  this  period,  iK-forc  leaking,  the  other  Bubatancc  which 
IS  aii»en  from  the  destruction  of  the  sugar — the  alcohol — is  contained 
I  tho  dough,  and  is  expelled  tlicrcfrom  along  with  the  excess  of  water 
y  the  high  temperature  of  the  oven,  which  also,  by  increasing  the  expan- 
Bon  of  tho  included  gas,  adds  to  the  porosity  of  the  bread.  In  some 
MkiDg  establishments  arrangements  liavo  occasionally  been  made  to  con- 
ac  the  alcohol  as  it  rises  from  the  bread.  Tho  good  and  evil  of  lite 
oAon  closely  intcnnixcd.  Tho  advocate  of  total  abstinence  from  al- 
ohol  may  with  reason  look  upon  half-baked  bread  distrustfidly.  Tho 
ncmy  is  lying  in  ambush  for  him. 
On  some  occasions,  instead  of  using  yeast,  a  piece  of  leaven,  that  is, 
n^  in  a  state  of  incipient  putrefaction,  is  employed.  The  mode  of 
icCioa  is,  however,  tl»e  same.  The  use  of  this  material  well  Ulustrales 
he  progressive  nature  of  those  cliangcs,  and  how  the  action  gradually 
Bsea  ^m  |ioint  to  point  of  the  entire  mass.  It  is  written,  "A  little 
kvcn  Icavenelh  the  whole  lump." 

In  the  cases  here  presented  the  action  is  one  of  subdivision.     A  Com- 
dex atom  has  its  constitution  broken  up,  and  is  se|»irated  TheMutiofM, 
to  distiuct  parts.     When  such  a  change  is  once  commenced    ^^*ji^f^l*^ 
;  a  mass,  there  is  a  liability  for  the  whole  to  become  in-  BubdivUiuM. 
)Ivcd,  just  as,  when  we  ignite  one  point  in  a  pile  of  combustibles,  tlie 
re  spreads  tlironghout ;  or  as,  when  on  one  part  of  a  piece  of  fresh  meat 
smaU  |iortion  in  a  putrescent  state  is  laid,  the  comq>lion,  with  measured 
ity,  proceeds  from  part  to  part,  until  the  whole  is  decayed,     On« 
another,  the  particles  submit  in  succession. 
T  all  these  subdividing  actions  heat  exerts  the  most  extraordinary 
finenoc,  so  that  for  a  given  cSi-ict  to  1w  produced  it  is  abso-  Inniunccof 
tely  necessary  that  a  given  temperature  should  bo  main-  J^J^JSJ^ 
incdL     Tliiis,  if  wo  take  the  saccharine  juice  of  fdniost  any  •cUon». 
of  £ruit,  and  cause  it  to  be  acted  on  by  a  changing  nitrogcnized  body, 
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it  wiH  yield,  as  just  stated,  alcohol  and  carbonic  acid  bo  long  as  the  teiii- 
perature  ranges  about  75'' ;  but,  every  thing  remaining  llua  same,  if 
ihe  temperature  be  raised  to  lOlP  or  120^,  neither  alcohol  nor  carbonic 
acid  19  fomif'd,  but  in  their  stead  other  products  arise,  such  am  lactic  add, 
gum.  and  nmnna.  Tliough,  therefore,  diTomiKtHitiim  will  go  on  throngb- 
out  all  tiiis  mngc  of  lempomtarc.  the  prmlucts  will  raiy  very  much,  al- 
cohol lieing  formed  at  a  low,  and  lactic  acid  at  a  liigh  degree. 

Again,  the  decomposition  of  milk  furnishes  a  very  instructive  instance 
When  the  temperature  ranges  from  50'^  to  76®,  the  liquid  tuma  sour, 
owing  to  the  formation  of  lactic  acid ;  but  if  the  Icmjionituro  ia  over  90°, 
the  products  arc  different,  for  now  a  true  vinous  iV'rmcntntion  seta  in,  al- 
coiiol  and  carbonic  acid  appearing.  It  is  on  this  principle  that  the  Tir- 
tar.4  make  an  intoxicating  liquid  from  marc's  milk.  The  fcnnentjition  of 
milk,  therefore,  yields  lactic  acid  at  a  low,  and  alcohol  at  a  high  degree. 

On  comparing  these  illustrutions,  the  results  stand  in  direct  contrut, 
but  both  show  the  great  influence  wbieli  a  s])ecific  degree  of  heat  exer- 
cises over  such  snlxliH^ions ;  and,  as  a  conswpicncc  of  this  principle, 
whicli  obtains  equally  in  the  physiological  case,  we  lecognize  the  nece»- 
sity  of  maintaining  the  cilvity  of  the  stomach  and  intestine  iiniformly 
at  u  temperature  which  is  fixed,  otherwise  there  would  cease  to  be  any 
unilbrmity  in  the  subdivision  of  the  food,  occasioned  by  the  digestion 
there  going  on.  These  principles,  moreover,  lead  to  the  explanation  of 
the  action  of  such  stimulating  subt^tancci?  as  alcoholic  liquids,  |>cppcr, 
etc.,  which  at  once  determine  a  local  elevation  of  temiierature ;  they  also 
explain  the  injurious  etfcets  which  may  ensue  from  intemperate  dnraghts 
of  ice-cold  water. 

A  nitrogenized  sul>stance,  in  a  state  of  change,  can  thus  bring  about  a 
definite  action  on  fibrin,  coagulnte^l  albumen,  or  casein  in  the  stomach, 
or  on  starch  in  the  intestine,  so  long  as  a  temperature  of  1<X)°  is  main- 
Lou  of  (lowcr  tained,  but  in  every  known  instance  this  transmuting  |>ower 
Ii''ifiKh"uliK«^  **  totally  destroyed  by  exposure  to  n  very  low  or  ^-ery  high 
•tur«.  degree  of  hejjt.     Large  masses  of  animal  matter— whole  ca> 

casses — may  be  presened  for  many  centiuries  imchanged  if  the  tempera- 
ture is  kept  down  to  SS*^,  A  striking  example  of  this  occurs  in  the  case 
of  the  extinct  elephants  which  arc  occasionally  thrown  on  the  shores  of 
the  Polar  Sea  from  icebergs  in  which  they  have  been  entombed  for 
many  thousand  years,  their  llesh  remaining  in  a  perfectly  fresh  and  nn- 
det'aywl  state.  And  as  respects  a  liigh  temperature,  an  exposure  to  212° 
totally  destroys  the  jwwox.  ( )n  tliis  princijile,  all  kinds  of  meat  or  veg- 
etable substances  may  be  indeHniteJy  preserved.  If  such  are  inclosed  in 
metallic  canisters,  so  as  totally  to  exclude  the  atmospheric  air,  and  ex- 
pusfd  to  a  batli  of  boiling  water,  they  may  then  be  carried  around  the 
world  without  nndcj^ing  any  cliange. 
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One  of  these  illustrative  cases  still  remains.  It  belongs  to  tho  class 
of  clunges  now  under  conaideratioii,  and  desen'cs  a  prominent  cxnniinn- 
tion  from  its  comicctiou  -nitU  Uuodcual  digestion.  It  is  the  production 
of  ia.tty  liodiea  (torn  starch  and  sugar. 

Phyaiological  considerations  a.ssure  ua  tliat  there  are  circumstances 
tinder  wiiicli  oils  and  Jats  cau  be  tbnncd  from  starch  and  p^„ci[(^  of 
sugar  in  tho  system.  AnimaU  can  be  fattened  by  feeding  fots  rr»m  au- 
on  potatoes,  or  otlier  such  food,  Ui  which  the  quantity  of  oil  >""'«*• 
ia  quite  inaigniticant.-  Bocs  can  make  wax,  which  strictly  belongs  to  the 
group  of  fats,  though  they  are  fed  on  pure  while  sugar. 

Such  results  cuu  l)o  artificially  imitated.  If  a  strong  solution  of  sugar 
be  mixctl  with  a  Hinall  quantity  of  casein  and  {K>wdered  chalk,  and  ex- 
posed to  a  tenipcrature  of  more  tluui  80^»  carhouic  acid  and  hyilrogen  are 
eroK*eil,  and  but^Tie  iu:id  forms  as  llie  hutyratc  of  lime.  This  acid  sub- 
stance ia  a  colorless  oily  Liquid,  Iiaviiig  the  odor  of  nuicid  butler,  iu 
which  indeed  it  exists. 

From  a  review  of  all  the  preceding  facts,  we  may  conclude  that  a  nitro- 
genized  Etubstance  secreted  by  the  follicles  of  the  stomach,  Contnutof 
iLod  imdergoing  incipient  oxidation,  aciduhited  with  hydro-  SJi^  d"i«fr' 
chloric  acid  obtained  by  the  decomiK)sition  of  common  salt,  ii«u.  , 
or  with  luetic  acid  produced  by  a  continuation  of  salivary  digestion,  has 
the  power  of  dissolving  coagulated  albumen,  and  generally  those  articles 
of  food  which  belong  to  the  nitrogenized  class;  that  tliis  goes  on  in 
the  stomacli,  it  being  the  functiou  of  that  organ  to  cfiect  the  digestion  of 
thU  luud  of  food,  and  thereby  contnbuto  to  tlic  general  nutrition  of  the 
wrsicm.  The  muscular  tissues  arc  supplied  from  this  source,  and  by  the 
stomach  their  waste  is  repaired. 

Another  and  distinct  digestion  takes  place  in  the  intestine,  commenc- 
ii^  immediately  after  the  food  gains  the  duodenum.  It  too  is  brought 
about  by  tho  action  of  a  special  liquid,  a  mixture  of  the  pancreatic  and 
iatotinal  juices.  Tlie  clieinicil  reaction  of  this  juice  is  alkaline ;  in  this 
roipcct  it  is  therefore  antigonistie  to  the  gastric  juice.  This  quality  is 
due  to  llie  soda  it  contains,  a  substance  derived  co-ordinately  with  hy- 
drocJdoric  .icid  from  the  dc<;omiK)3ition  of  common  SJiIt.  The  digestion 
of  starchy  and  saccharine  bodies  is  thus  ejected  by  dividing  thcin  so  as 
lo  produce  lactic  acid. 

Tbia  done,  common  salt  is  reproduced  by  the  commingling  of  the  gas- 
tric biliary,  and  [lancrcatic  products  together.  The  salt  is  carried  by  the 
\Ui  into  the  interior  of  the  system,  to  be  again  decomposed. 
aver,  the  {Kuicreatie  and  enteric  juices  reduce  the  oleaginous  and 
iktty  bodies  to  the  condition  of  an  emnlsion,  or,  if  they  be  not  present 
in  the  food,  give  origin  to  them  in  the  way  just  described. 

The  reaction  of  the  intestinal  contents  not  only  differs  iu  different  por- 
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SacwMlra  tions  of  thc  tubc,  Imt  in  the  same  region,  in  diffecent  puts 
truui^thmlch  **^  ^^^  mass,  its  cxterior  may  be  alkaline,  its  interior  add,  or 
die  ititeMjuc.  tbe  converse,  Thc  acidity  which  has  been  imparted  by  Uiu 
gastric  juice  seems  generally  to  have  disapj)eared  some  time  before  the 
Urge  intestine  is  reached.  In  this  an  alkaline  reaction  is  observed.  Tlw 
GSUSes  of  tliis  prolonged  acidity  arc  very  various.  In  part  it  depends  on 
the  nature  of  the  fiwd,  in  part  upon  thc  gastric  juice,  as  has  just  been 
stated,  and  in  part  U{)ou  thc  production  of  lactic,  but,\Tic,  and  other  adds. 
Thc  resinouH  ingredients  of  thc  bile  may  be  detected  a^  tar  as  thc  lower 
extremity  of  thc  ileum.  Glucoec,  originating  in  the  action  of  thc  jmuicto- 
atic  and  intestinal  juices  on  starch,  umy  be  rvcognixed  throughout  thc 
wliolc  length  of  tlie  canal,  but  tliat  which  has  been  introduced  in  the 
foo<l  seems  to  be  absorl)cd  in  thc  stomach  itself;  thus,  in  milk-fed  ani- 
malf),  sugar  docs  not  appear  to  descend  beyond  the  jejunum.  Thc  trans- 
mutation and  reabsorption  of  biliary  matter  commences  in  thc  snudl  in- 
testine and  proceeds  eontinuoiL<(ly,  so  titat  by  the  time  thc  middle  of  that 
portion  of  thc  tube  is  reached,  half  the  bile  is  gone. 

Since  thc  intestinal  absorbents  c^n  o)dy  take  uj)  a  definite  proiX)rtion 
of  fat,  it  might  be  ejcjiected,  as  is  really  tlie  case,  that  al'tcr  an  unusually 
fatty  diet,  fat  substances  will  be  found  in  thc  excrement.  Indeed,  a  063^ 
tain  small  proportion  always  so  occurs. 

Of  the  salt  substances  usually  occurring  in  the  food,  most  disappear 
Sftlis  ofLbc  to-  during  tlielr  passage  tlut}ugh  thc  intestine,  and  hence  but  lit- 
teaUne.  fl©  jg  found  in  the  £eces ;  more  particularly  is  this  the  csao 

with  those  of  a  very  soluble  kind.  (>f  thc  sulphates  and  cidoridcs  of  the 
food,  not  even  a  trace  may  occur  in  thc  excrement.  If  thei»e  gubstanoea 
should  not  be  required  for  thc  uses  of  thc  system,  they  arc  promptly  re- 
moved by  the  kidneys,  and  in  thc  same  manner  arc  disposed  of  any  ab- 
normal suit  substaiio^s  which  may  have  been  purposely  administered,  as, 
for  instance,  iodide  of  ^wtassiutu. 

Thc  gaseous  contents  of  the  inte-stinc  originate  in  jjart  from  the  air 
OiMtoftho  that  has  lieen  intro<luccd  during  the  mastication  of  the  food,  in 
iniaitini:.  p^yt  j^m  fcrmcntativc  processes  occurring  after  certain  articles 
have  been  used  which  are  only  imperfectly  digested,  ami  in  fiart  I'roni  the 
endosmosis  of  gas  from  the  blood  through  thc  walls  of  the  iutcsttual  cap- 
illaries. As  compared  with  atmospheric  air,  though  tho  oonijwfiition 
must  necessarily  be  verj-  ^•llrio^s,  the  intestinal  gas  shows  a  great  excess 
of  carl)onic  acid  and  nitrogen,  a  diminution  and  sometimes  even  a  total 
absence  of  oxygen,  the  presence  of  pure  hydrogen,  and  of  its  carburets 
and  sulphurcts.  Thc  quantity  of  this  latter  gas  is  less  than  might  be 
expected  from  its  odor,  and,  as  would  be  anticipated  from  thc  circum- 
stances, thc  accumulation  of  gas  is  mudi  more  abundant  in  thc  large  than 
in  the  small  intcsliiio. 
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Sduiiidt  showf?  that  tbe  intermediate  circulation  of  water  toward  the 
I  ilklestme  is  far  more  eonsiderable  than  its  final  excretion,  and  WaicrrumUb- 
|Mnounts  in  one  day  to  nearly  one  fonrtli  of  the  whole  quan-  ^0^***  '*  ""** 
lity  of  watfT  in  the  body. 

As  ilic  digcfltcil  mass  passes  onward,  driven  by  the  peristaltic  motions 
through  the  convolutions  of  the  intestine,  it  becomes  of  a  Comvl'-Krfmn- 
raore  solid  consistency,  as  the  absorbents  gradually  remore  ^ijnij  JJ^ 
its  liquid  portions.  Ry  the  time  it  lias  readied  the  Cfecuni»  tcou. 
the  flame  t-flect  which  arose  in  the  stomach  from  fialivaiy  digestion  is 
repeated,  for  the  traces  of  unabsorbed  lactic  acid  canse  nutritive  diges- 
tion to  be  again  feebly  resumed,  at  all  events  in  hcrbivorons  animals,  if 
not  in  man,  whose  c<ecum  ia  rudimentary,  under  the  form  of  the  appen- 
dix vermifonnis.  From  Peyer  s  glands  a  secretion  lias  exuded,  which 
perhaps  gives  to  the  mass  the  characteristic  odor  it  is  now  assuming,  if, 
indeed,  these  organs  arc  not  connected  with  absiorption.  The  eflctc  re- 
Ruuns  are  finally  voidetl  as  fa-ces,  wliich,  due  allowance  being  made  for 
the  water  tliey  contain,  amounting  to  about  75  per  cent.,  may  be  rep- 
resented as  averaging  about  IJ  ounce  |ier  day.  These  excrement  itious 
remains,  colore<l  yellow  by  the  wloring  niateriiil  of  the  bile,  are  partly  de- 
rived frrira  the  residues  of  the  food  which  liavc  been  itnactt-d  npon,  and 
portly  from  the  decay  of  t!ic  system  itself.  The  microscope  shows  the 
rcraains  of  cell  membranes,  and  the  walls  of  vegetable  vas-  FArmAUon 
cnslor  tissues,  starch  gnmulcs,  and  chlorophyll,  the  relics  of  car-  <*"*^'"*- 
tiUginous  and  fibrous  tissues,  »Iire*ls  nf  muscular  fibre,  fat-cells.  From 
the  digestive  tract  there  have  been  derived  mucus  corpuscles,  epithelial 
cell*,  and  the  coloring  matter  of  the  bile.  Perhaps,  too,  much  of  (he  wa- 
ter which  gives  consistency  to  the  fa?C03  has  liecn  derived  trom  the  intes- 
tinal walls,  for  in  qxiantity,  under  certain  cireum stances,  it  may  exceed 
the  nmonnt  that  h:i.<  liccn  Ujicd  as  drink. 

In  it*  pa&<uigc  through  tlie  intestine,  that  jwirtion  of  the  bile  which  has 
not  been  absorbed  undergoes  considerable  diangos,  itsconju-  piM{>i>earaoc« 
gnfrd  ncids  degenerating  into  dyslysin,  which  may  lie  rocog^  or  liubUo. 
nize<l  in  llie  ffeces,  as  is  also  the  case  vnth  the  modified  pigmentary  mat- 
ten  ;  the  soluble  mineral  constituents  arc.  for  the  most  part,  absorbed. 

TIic  reducing  agencies  in  tlic  intestine,  and  the  manner  in  wliich  sub- 
^UftcTj*  can  find  their  wav  into  the  urinary  secretion,  is  well  inri.jrnuirf*. 
illoiitrated  by  the  administration  of  indigo,  which  nndcrgocs  la^^iUlfi^^^ 
dcoxidation  into  the  condition  of  suboxide  of  isatinc,  and  will,  Um. 
notwithstanding  the  agency  of  arlerial  blood,  apj^ar  in  that  condition  in 
the  urine,  to  whicJi,  ujwn  contact  of  the  air,  it  imparts  a  blue  tint,  becom- 
ing inon  intense  under  a  prolonged  exposure,  and  eventually  indigo-blue 
being  deposited.  Such  u  result  not  only  shows  how  energetic  are  the  re- 
ducing agoncies  in  the  intestine,  but  also  with  wiiat  facility  very  oxidiz- 
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able  material  may,  tinder  certain  conditions,  be  exposed  to  arterial  blood 
^vitliout  oxidation.  Yet  that  this  want  of  action  is  wholly  due  to  inci- 
dental circumstances  is  shown  from  the  fact  that  salts  of  oiganic  adds 
are  much  more  quickly  oxidized  in  the  blood  than  they  are  in  the  open 
air. 

It  is  interesting  thus  to  observe  how  the  death  of  one  part  of  the  body 
Advtntace  niinisters  to  the  life  of  the  rest ;  for  the  nitrogenized  and  act- 
takea  of  the  ivo  principles  of  tho  juices  secreted  for  the  accomplishment  of 
p^iooto^  digestion  are  on  the  descending  career,  and  are  truly  dyii^ 
guiize  an-  matter.  The  incipient  stage  of  decay  through  which  ibey  are 
passing  reacts  on  the  food,  and  prepares  it  in  a  temponiy 
manner  to  replace  those  parts  of  the  body  which  arc  ceasing  from  activ- 
ity, and  about  to  be  removed. 


CHAPTER  V. 

OF  ABSORPTION. 


Double  MediamtmJcT  Absorption. —  The  LacteaU  and  Ve«u. — Lacteal  Ahsorption. — Deter^ 
tioR  of  a  ymiu.~-Analoffies  ia  I'lanU.— Introduction  of  Fat  by  the  I'f/S.— 7%e  Oigk,~ 
CmtstM  of  the  Flow  of  Chyle. — Intermediate  0uages  on  its  Passage  to  the  Bhod. — Action  o/* 
Peytr's  Bodies.  —  Lymphatic  Absorption. — Nature  of  Lymph.  —  Stmeture  of  the  Lymphatic 
System.  —  Compariaoa  of  Otyie^  Lymphj  and  Senan. — FtmctioR  of  the  Lymphatic  System. — 
Production  ofFibria. —  Cataaeous  Absorption. — Causes  of  the  Ftoto  of  Lymph. — Apparent  se- 
lecting poirer  of  tlie  Absorbents.—  Connection  of  the  Lacteals  and  Lymphatics  icith  the  Locomo^ 
tive  and  Respiratory  Mechanism. 

The  food,  after  digestion,  tliough  in  the  alimentary  tract,  is  exterior  to 
Double  mech-  *^®  animal  system.  Means  have  therefore  to  be  resorted  to 
anism  for  ab*  for  its  introduction  into  the  circulation,  and  its  distribution 
Borption.  ^^  every  part.     This  is  accomplished  by  a  double  mechamsm, 

one  portion  of  which  is  adapted  to  the  digestion  which  has  been  going  on 
in  tlic  stomach,  the  other  to  that  which  is  completed  in  the  intestine. 
The  veins  which  are  profusely  spread  on  the  walls  of  tlie  digestive  cav- 
ity constitute  the  former  apparatus,  the  lacteal  vessels  the  latter. 

Tlie  lacteal  vessels  may  be  described  as  delicate  tubes,  conveying  ma- 
DescripUon  of  terials  absorbed  from  the  intestine  into  the  blood.  Their 
a  villus.  mode  of  origin  may  be  understood  by  considering  them  as 

projecting  with  a  fine  but  blunt  end  upon  tlie  iimer  coat  of  the  intestine. 
This  projection  is  covered  over  with  smooth  muscle  cells  and  a  plexus  of 
blood-vessels,  a  continuation,  as  it  were,  of  those  of  the  mucous  coat  of 
the  intestine  itself;  they  are  held  together  by  connective  tissue,  and  over 
that  is  cast  a  covering  of  cylindric  epithelium. .  This  construction  con- 


mSTRiniTION   OP  BLOOIJ-TESSELS  TO   THE   ythU. 


85 


feti!iito3  what  is  called  a  villus,  the  stinpc  of  which  is  conical,  or  perhaps 
^cylindrical.  The  villus  may  then  be  r^arded  aa  a  process  of  mucons 
smbraiie. 

Fig.  2s.  ^iff'  23  is  a  section  of  the  wall  of  the  ilcam, 

a  hcincr  the  ^nlli ;  A,  elands  of  l..ic-  «.     .       * 

o  '      '  o  Stnicture  of 

berkuhn ;  r,  muscular  layer  of  mu-  the  iotcninol 
cous  rncmhranc ;  rf,  foUiclca  of  aPcy-  * 
ct's  patch ;  <?,  rcniaindor  of  suhmucoua  tissue  ho 
iicath  them :  y,  circular  muscles ;  ff  A,  longitn- 

W/jf    /!  /  M  \  r     *^'"''*  ™"^''^*'-'-     (KoUikor.) 

rf  '    '  L         Fi^,  24  represents  the  distribution  of  LIooJ- 

vcsscla  to  the  villi  of  the  uitcatinc  of  the  mon- 


fiOdlUMkn. 


5     *  -^w^  *■  *\ 

DIitniKiUon  of  arterte*  and  velu  on  vUll  of 

uonkvf. 


I  key.     The  figure  was  drawn  by  the  camera  lucida,  a  a  being  the  arteries, 
b  b  the  veins. 

Tlie  form  of  the  villi  diftcrs  in  different  regions  of  the  intestine.  In 
the  duodenuni  they  are  less  elevated,  laminnted,  and  broad-  ,.  ,  „,. 
er,  J'tg.  2o.     In  tuc  jejunum,  more  projecting  or  cylindroiu, 


Fiit.^ 


Pia.^ 


— Tn**—  of  bloo<l-vr*M-u  ou  ibrt  vtlU  of  tha  Dblrlbullon  ofUoaJ  *'-wla  on  die  tUU  »f  ihajt- 

/"i/^,  2G>    In  all  cases,  however,  they  are  abundantly  supplied  with  blood- 
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vosscls.  Tlicir  epi^elinl  covering  of  cylindroid  cells  i&  shown  in  tlw 
sectional  diagranif  7*^'^.  27^  a  a  i  at  If  b  is  (lie  origin  of  the  lacteal  aris- 
ing obscurely.  _  Wji  t». 

So  amply  are  the  ^illi  supplied 
nith  blood-vcssfls,  that  if,  at'ler  iii- 
Viriousoitln-  jection  with  coloring 
Ik""^'?*  matCTial,  their   cvUii- 

the  vpitbuUl  * 

cdU.  dric  epithelium  be  jxs 

nioved,  they  seem  to  be  tinged  all 
over.     EacJi  cell  of  the  epithelium 
npjieura  to  be  iilled  witli  granular 
matter,  and  to  have  a  well-nuu-kcd 
nuelons.     »Some  anatomists  assert     ^^"'^  ^""  *»  ■****"•  '"*'  <7""*»»m  •p»t»»^"i>- 
that  that  e^d  of  these  cells  nearest  tlie  cavity  of  the  intestine  is  in  reality 
open,  and  in  this  manner  they  account  for  the  ready  passage  of  oil  glob- 
ules into  thera»  and  also  for  the  appciirance  of  solid  foreign  bodies,  as  0»- 
tcrlein  obscncd. 

Though  WIS  have  described  the  lacteal  as  a  vessel  projecting  into  the 
Orijfln  of  Uio  interior  of  the  intestine,  it  is  by  some  viewed  rather  as  a  mere 
Uri«L  excavation  in  the  villus.     The  WIU  impart  to  the  raucous  mem- 

l>Taiic  an  aspect  sometimes  likened  to  the  pile  of  velvet.  On  an  average, 
their  number  upon  a  square  inch  is  about  10,000.  The  entire  number 
of  thcj>c  organisms  must,  tlierefore,  amount  to  many  millions.  At  one 
time  it  was  supposed  that  the  lactcula  ojjcn  directly  into  the  intestine — an 
opinion  which  is  now  universally  aluuidunetL  Tlic  action  of  each  villus  is 
doubtle^H  more  complicated  than  i.-*  gi-ncnilly  n^preseiiled,  for  the  organic 
fibre  cells  it  contains  give  to  it  tlic  power  of  executing  rhythmic  motions. 

AVhen  tlic  ojicrafion  of  the  laetenl  vessels  aa  al>sorbonts  was  first  d^- 
•niclnctrai*  tected,  it  was  Itelicved  tliat  all  nutriiiieiit  is  introduced  bv 
»lTp'Ji4?uof  *^'*^"^  means.  But  tlicre  arc  many  animals  wholly  destitute 
aiMoqiiion.  of  this  systcm  of  tubes,  for  instance,  the  invcrtebratos.  Even 
in  many  fishes  the  villi  arc  absent.  In  such  cases  absoqition  must  nec- 
essarily be  conducted  by  tlie  veins.  Moreover,  though  there  are  no  lac- 
teals  on  tho  walls  of  the  stomach,  nor,  indeed,  on  that  part  of  the  iutes- 
tiiiul  tul>e  which  is  higher  than  the  place  of  introduction  of  the  biliary 
and  jiancreatic  ducts,  there  are  many  substances  freely  absorbed  from  the 
gastric  ca^^ty  when  its  pyloric  orifice  is  tied.  It  has  already  been  men- 
tioned that  the  Ptomach  absorbs  water  with  remarkable  nipidity.  The 
doclrinc-  that  the  lacteals  are  the  exclusive  organs  of  absorption  mu^ 
therefore,  be  abandoned,  for  it  is  plain  that  the  vcnoua  system  particiiwtcs 
in  this  duty. 

The  function  of  absorption  has  therefore  to  bo  ejcaminod  from  two 
points  of  ^new.     As  there  arc  two  digestions,  one  producing  a  perfect  so- 
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tation«  amT  tlic  oilier  an  emulsioued,  but  not  dissolveJ  slate  Con<liiions  rf 
of  the  food,  80  tlicro  are  two  absorbent  systems,  the  loctcals  '**^*'''*'  •"''"*" 
ond  the  reinfl.     The  lactcals  introduce  Buch  substances  as  ait:  Uuo. 
not  absolutely  dissolved,  particularly  tlie  oils  and  fats.     The  veins  ap- 
pear to  take  up  those  substances  only  which  arc  completely  ilbsolvcd  in 
water. 

As  in  many  othor  cases  in  physiology,  so  in  this,  a  correct  interpreta- 
tion of  the  fiinctions  of  the  animal  mechanism  mny  Ijc  ob-   .,        ,     , 

Absorption  in 

taiticU  by  examining  the  corresponding  structures  and  tunc-  j.Unw,  Uicir 
tions  in  plants.  In  the  more  perfect  of  these,  the  absorption  •*"'"^s  wp- 
of  watery  material  from  the  ground,  constituting  the  asccmKng  sap,  is 
brought  about  by  the  agency  of  collections  of  soft  colls,  ■nhich  arc  placed 
at  the  extremity  of  each  rootlet.  They  are  designated  spongioles.  By 
their  action  the  fluid  is  forced  up  through  the  tubes  of  the  sap-wood  into 
the  leaves,  and  there  exposed  to  the  conjoint  agency  of  the  sun  and  air. 
A  cliange  is  thus  accomplished,  and,  from  being  crude,  it  turns  into  elab- 
sap,  and  now  descends  through  tlip  bark,  to  !«  distributed  to  every 
of  Uie  plant.  Its  ascent  is  caused  by  the  cells  of  the  spongiules,  its 
descent  by  the  chemical  changes  occurring  among  the  cells  which  are 
found  in  the  structure  of  the  leaves. 

These  cells — both  of  the  roots  and  of  the  leaves — are  far  from  eontin- 
aing  their  action  for  an  unlimited  period  of  time.  At  the  most,  their 
existence  is  transient.  Those  of  the  roots  are  gradually  lost  by  decay, 
or  converted  into  soUd  structure,  as  the  elongation  of  the  organs  through 
the  ground  goes  on.  Those  of  the  loaves  are  equally  transitorj'.  At 
periodic  iiiier\'al3,  both  in  deciduous  and  evergreen  plants,  the  fall  of  the 
leaf  o<:curii — a  new  organism  succeeding  in  another  summer  to  make  up 
for  the  one  which  has  passed  away. 

"Whatever  nutrient  material  is  taken  from  the  soil  in  the  case  of  plants 
is  introduceil  by  the  aid  of  a  cellular  structure,  and  the  cells  die  after  ao- 
compUahing  their  duty. 

Jt  was  once  a  saying  among  physiologists  that  the  lactcols  ore  the 
roots  of  animals,  and  in  this  there  is,  in  reality,  a  great  deal  Aii«1ok>-  b*- 
of  truth,  for  between  the  rootlet  of  a  plant  and  the  lacteal  of  lrj,°JjpUat 
an  aniiuiU  there  is  a  conspicuous  relation,  not  only  in  stmc-  >^>*- 
tnrc,  but  oLso  in  function.  As  is  seen  in  J^iff,  27,  ujwn  each  villus  of 
the  intestinal  tube  there  is  a  layer  of  cylindric  cells,  undenicath  which  the 
lacteal  vessel  takes  its  rise,  for  it  docs  not  open  by  a  ircc  oritice  on  the 
interior  of  the  intestine,  but  its  tiask-shiipcd,  loop-like,  or  con\'<dnted  or- 
igin is  obscurely  seen  in  the  m'uUt  of  the  cells.  The  aspect  which  the 
villi  present,  from  its  doubtful  nature,  has  led  to  the  erroneous  conclusion 
that,  as  soon  as  active  digestion  goes  forward,  cells  rapidly  develop  with- 

tbe  epithelium,  and  continue  to  do  so  as  long  as  the  intestine  cuutains 


digutpfl  matter ;  tliat  ihcy  become  torgitl  with  chrlc,  and  hare  a  duii)fr> 
tcr  of  altont  the  jT^nr  o*  *"  ^^^^ '  *^"**'  **  they  aelcct  material,  iliey 
thnnv  it  into  tiie  luctcal  tube,  cither  by  bursting  or  deliquescing,  and  it 
the  snmc  time  Kt  tree  broods  of  gcrraa  trom  wliich  newcrells  are  developed. 
So  fiir,  therefore*  a3  their  duration  is  concerned,  if  this  be  their  true  histo> 
n*.  they  are  even  men.-  tnuisiton'  limn  the  corresponding  cells  of  plants. 

That  the  lactcols  nrc  connected  with  respiratory  digestion  sccraa  to  be 
F«t  ifl  Intro-  plainly  indicated  by  the  circmnstanccs  of  their  occiureoce. 
u^u'iato*'  ^^^^^  o^  them  are  fonnd  upon  the  stomach,  nor  even  on  that 
the  blood.  part  of  the  duodenum  which  is  above  the  entrance  of  the  he- 
patic and  jmncrcatic  ducts,  but  below  that  point  they  are  scattered  in  pro* 
fusion  all  over  the  emnll  intestine.  The  digestion  of  fatty  liodics  not 
taking  pUcc  untd  the  food  luas  gained  the  duodenum,  vessels  for  the  al^ 
aor^>liou  of  the  emulsions  to  which  ihut  digestion  gives  nse  are  not  re- 
quired until  after  that  point  is  passed.  Correctly  speaking,  however, 
the  lactcnls  aro  only  lymphatics  which  are  taking  up  oil  presented  to 
them.  In  view  of  the  use  which  the  oils  sobecrve  in  the  animal  economy, 
the  lactcala  are  in  reality  an  appendix  to  the  respirator}'  system.  There 
can  be  no  doubt  that  through  their  channel  oils  and  fats,  under  the  form  of 
emulsions,  are  transmitted  to  the  bloo<l.  The  analysis  of  the  chyle  .ihows 
that  it  is  always  ricli  in  fat,  and,  indeed,  it  is  supposed  by  some  physi- 
ologists that  the  objects  just  described  as  cells,  surroumhng  the  origin  of 
the  lacteals,  are  nothing  more  than  oil  or  fat  globules  accumulated  there 
and  waiting  to  bo  taken  up,  or  that  the  disappearance  and  exuviation  of 
the  so-called  cells  is  an  optical  deception,  due  to  their  walla  becoming 
pcmiciilcti  with  oiL 

The  manner  in  which  oil  globules  collect  round  the  Tilliu  I  have  re- 
marked OS  being  very  strikingly  displayed 
in  the  case  of  tlic  gray  squirrel  after  feed- 
ing on  fatty  nuts.  As  shown  in  J^iff,  38, 
the  whole  stnicture  looks  as  if  it  were  dis- 
tended with  oil  globules,  It  a,  in  the  midst 
of  which  the  origin  of  the  lacteal,  bbb,  may 
be  donbtfully  and  dimly  discerned. 

Although  it  can  not  be  admitted  that  ibo  ^ 
Evuiktioa  uid   production   and   deliquescence 
J2i^,i,«        of  the  cells  of  viUi  is  a  demon-  •««■  iB^tot  ••  •*«. 

vOU.  stratcd  fact,  and  that  on  this  tlio  action  of  the  lacteals  as  ab< 

sorbent  rcssds  for  the  most  part  depends,  the  rapid  evolution  and  disap* 
peaianoo  of  these  cells  is  by  no  means  a  physiological  impossibihty.  Bot- 
anists assert  that,  in  a  single  night,  the  Bovista  gigantenm,  a  puff-ball, 
can  devdop  from  a  mere  point  to  such  a  size  tliat  it  must  contain  iiffy 
thousand  millions  of  cells— a  number  that  seems  almost  incredible.     The 
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^development  of  cells  in  the  villi  of  the  intestinal  tuLc,  in  coimtleaa 
crowds,  mar  tJiercfore  be  willun  the  hounds  of  possibility. 

If  t]u3  be  tlic  case,  the  cells  wliicli  thus  come  rapidly  into  existence 

[  in  the  villi  appropriate  those  articles  of  respiratory  food  which  are  of 
imperfect  solubility  in  water.  To  this  class  the  oils  belong.  Each  cell 
then,  as  it  dies,  yields  up  its  contents  to  the  lacteal  tube.  In  the  white 
fluid,  the  cliyle,  which  dows  along  those  tubes,  are  muny  pale  or  color- 
lesa  corpuscles  continually  coming  into  existence.  These  seem  to  im- 
presa  a  cliango  upon  the  chyle,  and,  to  give  a  full  opportunity  for  such 
action,  th.it  fluid  is  compelled  to  flow  gradually  through  long  and  sinuous 
duuinels,  for  the  glands  in  the  mesentery  may  be  regarded  as  convoluted 
windings,  or  rather  plexusca  of  tubes,  to  which  that  particular  form  is 
given  for  the  sake  of  closeness  of  i>ack^.  From  the  enveloping  ca|i- 
snlo  of  fibrous  tissue  of  tlie  glands  thin  sheets  are  projected,  pj^rtum  of 
and  BO  iulpmetted  as  to  divide  the  wliole  gland  into  many  ilio  miscDtcrie 
alveoli.  These  arc  filled  with  a  pu'py  material  supplied  •** 
with  delicate  blood-vessels.  The  chyle  either  oozing  through  this  ma- 
toial  eventually  escapes  from  the  gland  by  the  cflerent  vessels,  or  makes 
the  passage  in  its  own  tiiin  tube.  In  reptiles,  in  which  there  are  no 
such  glands,  the  lactcals  arc  extended  to  a  ven,'"  great  length. 

The  manner  in  which  the  cliylo  passes  through  the  mesenteric  glands 
is  therefore  exphiined  differently,  according  to  the  view  ^^  -  ^ 
which  is  taken  of  the  structure  of  those  organs.  If  they  (>fu»oiin*wiiift- 
aro  considered  as  mere  dilatations  of  the  lacteal  vessel,  from  "*^  ®  *"' 
the  sides  of  which  partition  processes  are  sent  off,  the  interspaces  being 
filled  witli  granular  material,  through  which  delicate  blood-vessels  pass, 
the  chyle  is  to  bo  considered  as  oozing  through  this  granular  structure, 
and  crossing  directly  in  contact  with  it.  But  if'wc  accept  the  doctrine 
that  the  chyle  is  conducted  through  the  gland  in  a  plexus  arising  trom 
the  incoming  lacteal,  the  granular  material  being  outaidc,  then  the  influ- 
ence of  that  material,  in  whatever  it  may  consist,  takes  effect  tlirougll 
the  delicate  walls  of  the  plexus.  The  like  remarks  apply  to  the  lym- 
phatic gUnds.  Physically,  however,  the  condition  in  both  cases  is  the 
nme;  the  incoming  liquid  is  simultaneously  cx]x>scd  in  the  gland  to 
tiie  infloenee  of  the  granular  pul]>  and  to  arterial  blood. 

The  chvle,  delivered  into  the  lactpal  tube,  is  propellrd  by  the  conjoint 
action  ofaeveral  different  forces.     The  constant  accnmulation  ^^^^^  ^f  jj^ 
of  liquid  at  the  origin  of  the  vessel  produce*  a  pressure  which  tl"*  ortho 
can  only  be  relieved  by  motion  through  the  tube,  ari'l  at  tlie  *'  ^ "' 
OMRith,  where  the  lacteal  empties  into  a  vein,  as  sooner  or  later  ;:11  do, 
either  directly  or  through  the  intervention  of  the  thoracic  duct,  a  suction 

[ieroe  ia  exerted  on  the  contents  of  the  lacteid  by  the  passing  current  of 
renooB  blood,  upon  the  well-known  hydraulic  principle  of  Ventiiri, 
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that  if  into  a  tuljc,  a  A,  J^iy.  29,  tlirongb  which  r  current  of  water  is  stead- 
Fiif.  9.  i\y  flowing,  another  tube,  c  </,  opeiu,  tls 

more  distant  end  being  in  communication 
with  a  resen'oir  of  water,  n,  tlirtmgh  thia 
tube  a  currejit  will  likcwiHO  im  e.stabliisii- 
ed,  and  tijc  reservoir  be  emptied  of  its 
contents.  The  cticct  is  still  proatcr,  4S 
Bcrnouilli  demonstrated,  when  the  tnaio 
cnirent  is  Bowing  toward  the  wide  cod 
of  a  conicid  pipe.  Slorcovcr,  the  Inctol 
tubes  arc  elastic,  and  fnrnislwid  wit h  valves, 
which  open  to  let  the  fluid  jiass  towanl 
the  veins,  but  close  in  tlie  opposite  way. 
PHodiita  ot  rainrt.  This  vaKoilar  mechanism  renders  available 

any  pressure  arising  eitlier  from  the  contractility  of  the  vessels  them- 
ICKUnbm  far  sclvcB,  Of  from  tliosG  various  muacul.ir  niovejnents,  rcspira- 
*«MftiTlnc  fQjj^  Qj.  voluntary,  which  affect  the  abdominal  walls.  The 
nmnnej"  of  introduction  of  the  great  lacteal  trunk — tho  tho- 
racic duct — at  the  angle  of  junction  of  the  left  subclavian  and 
jugular  reins,  is  also  very  felicitoua,  for  the  suc- 
tion force  of  those  largo  ressela  is  thcro  cottjoiu- 
cd,  and  the  clfcct  is  at  a  maximum.  The  con- 
trol of  the  blood  motion  on  the  chyle  motion  is 
obvious  from  this,  that  as  soon  as  the  circula- 
tion stops  the  chyle  stops,  and  this  not  so  tnach 
from  tlie  engorgement  of  the  venous  trunks, 
wliich  renders  it  difficult  for  tlio  chyle  to  make 
its  way  into  them,  as  from  the  cessation  of  that 
tractile  force,  which  solicits  the  chyle  to  move 
into  tho  blood. 

^7y.  30  represents  tho  position  and  course  of 
the  thoracic  duct,  and  its  nianncr  of  introduction 
of  the  chyle  into  the  blood  circulation.  (Wil- 
son.) 

1,  ,Vrch  of  aorta ;  2,  thoracic  aorta ;  3,  aljdom- 
inal  aorta;  4,  arteria  innominata,  dividing  into 
right  carotid  and  right  subclavian  arteries;  5, 
Icil  carotid;  Cleft  subclavian  ;  7.  superior  cava, 
formed  by  the  junction  of,  8,  the  two  %*enn-'  in- 
nominatee,  and  these  by  the  junction,  9,  of  the  in- 
ternal jugular  and  subclavian  on  each  side ;  10, 
the  greater  vena  azygos ;  11,  tho  termination  of 
the  lesser  in  the  greater  vena  azygos ;  12,  recep- 
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tacolum  cliyli,  screrftl  hiiiphatic  trunks  opening  into  it ;  13,  llic  iJioracic 
duct,  dividing  opix>site  the  middle  of  the  dorsul  vcrtebnc  into  two  hrancli- 
cs,  which  soon  reunite ;  the  course  of  the  duct  behind  the  arch  of  tlie 
aorta  and  left  Buhclavian  artery  is  shown  by  a  dotted  line ;  14,  tlie  duct, 
making  its  turn  at  the  root  of  the  neck,  and  receiving  sereral  lymphatic 
trunks  previously  to  terminating  in  the  posterior  aspect  of  the  junction 
of  the  internal  jugular  and  subclavian  vciu  ;  1«),  tlie  termination  of  tlie 
trunk  of  the  ductus  h'mpliaticus  dexter. 

As  to  the  manner  in  which  digested  fat  finds  its  way  into  the  lactcals, 
it  ecems  to  he  aa  follows:  In  the  interior  of  the  epithelial  .-  rofiba 
cells  oil-drops  are  detected,  wlitlc  on  the  outer  part  the  sur-  itiiroduciiua  of 
£ioe  presents  a  j)carly  aspect,  from  other  portions  of  oil  wait-  **' 
ing  to  enter.  By  degrees,  all  the  cells  ujjon  tlie  exterior  of  the  villus  ex- 
hibit the  same  apimarance,  the  particles  gradually  finding  their  way 
throDgh  tlic  parenchyma  of  the  villus,  and  so  entering  the  lacteal  tube. 
If,  with  some  anatomists,  we  regard  the  lacteal  at  its  origin  as  not  being 
a  true  vessel,  but  only  an  excavation  in  that  parenchyma,  much  of  the 
obscurity  which  surronnda  the  explanation  of  ihe  manner  of  the  entry 
of  oleaginous  material  into  the  lacteal  is  removed.  If,  moreover,  witli 
other  anatomists,  we  represent  the  intestinal  end  of  the  cyHudric  cells  to 
he  iranting,  and  the  cells  themselves  to  be  truly  cu[>-shapcd  forms,  tilled 
witii  ft  peculiar  secretion,  through  whicli  fat  particles  and  even  solid  sub- 
stances may  pierce  tlieir  way,  this  likewise  would  remove  much  of  the 
difficulty.  But,  after  all,  even  if  the  genei-al  opinion  of  the  structure  of 
a  villas  is  adopted,  that  the  lacteal  commences  with  a  blind  pouch  or 
l)Innt  tube  surrounded  by  a  network  of  blood-vessels,  and  over  this  an 
epithelium  cast,  there  being  no  mouths,  or  pores,  or  apertures  of  diseov- 
crable  eize  leading  into  the  lacteal  througli  its  own  wall  and  enveloping 
structure?,  we  should  also  remember  the  extreme  minuteness  of  the  oily 
particles  suspended  in  the  chyle,  and  still  more  particularly  that  even 
this  size,  small  as  it  is,  is  deceptive  ;  for,  in  passing  through  interstices 
too  minute  to  be  seen  even  by  optical  aid,  the  oil  particles  may  bo  press- 
ed out  into  long,  thread-like  forms,  which,  as  soon  as  they  escape  into  the 
free  cavity  of  the  lacteal,  assume  the  sjilieroidal  apjwarance  by  reason  of 
tbcir  own  a»besion,  just  as  a  blood-cell  can  pass  through  a  vessel  of  a 
diameter  far  less  than  its  own  by  lengthening  itself  out  into  a  linear 
shape,  and  reassuming  its  original  figure  as  soon  as  it  escapes  from  con- 
tinetnent  and  pressure*  Though,  therefore,  the  lactcals  commence  upon 
the  intestinal  walls  as  closed  tubes,  this,  in  reality,  offers  no  obstacle  to 
tbcir  absorbing  power  when  their  molecular  ])orosity  is  considered. 

J'erhaps  this  infiltration  or  intrtision  of  oily  material  is,  to  a  consid- 
erable extent,  aided  by  the  presence  of  the  bile,  or,  rather,  its  oily  con- 
stituent.    It  is  capable  of  easy  demonstration  that  oil  will  rise  much 
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higher  in  a  capillary  gliiss  tube,  the  inside  of  which  lias  been  coated  otvt 
with  biif*,  tlian  in  the  one  which  has  not  been  &o  prcpareii. 

The  liquid  which  has  been  gathere<l  into  the  Ucteals  from  the  intes- 
tine pursues  it.s  codrsc  to  the  veins,  and  ulliinatcly  enters  them.  The 
special  chnngcs  wliich  arc  impressed  on  it  during  this  paAsago  will  ncv 
be  explained. 

The  constitution  of  tho  chyle  ^iries  with  the  physiological  condilioas 
Constituiiun  ^^  ^^'*^  system.  After  a  period  of  iaHliiig  it  in  colorless,  and 
itn J  Chang**  in  prcscnts  the  gcncrol  aspect  of  lymph,  hereafter  to  be  de- 
scrilied,  but  during  digestion  it  is  a  whitish  milky  tluid, 
whence  its  name.  This  niUkincss  dej>cnds  on  the  suspension  of  minute 
fat  or  oil  globules  in  it.  Their  diameter  is  commonly  stated  at  tbc 
3  whns  ^^  *•"  ^"^''**  ^^  course,  the  composition  of  tlie  chyle  varies  in  dif- 
lercnt  animals,  and  even  in  tlic  same  animal  tinder  different  diets. 
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With  so  many  causes  of  variation,  such  a  table  as  the  preceding  is 
only  valuable  as  giving  a  general  idea  of  the  nature  of  the  chyle.  Wo 
learn  from  it  that  the  predominating  solid  constituents  are  fat  and  albu- 
men. The  percentage  amount  of  the  Jirst  of  these  in  the  sample  of  hu- 
man chyle  is  very  low,  a  fact  duo  to  the  circumstance  that  the  subject 
from  which  it  was  obtained — an  executed  criminal — had  eaten  but  little 
for  some  time  before  his  death.  In  like  manner,  the  chyle  of  horses 
which  have  been  kept  without  food  has  been  observed  to  exhibit  a  dim- 
inution of  its  fat  to  such  an  extent  as  to  be  less  than  one  tenth  of  the 
nonnal  amount,  .  It  is  to  be  remarked  that  the  saline  ingredients  of  tlw 
chylo  closely  represent  those  of  the  blood,  both  iu  constitution  and 
amount. 

The  composition  of  the  chyle  varies  at  different  points  on  its  passage 
rotuiiiutionof  to  tho  veins,  there  being  a  gradual  diminution  of  the  albt^ 
divie  at  van-  ^„  j  jjj^  increase  of  the  Hbvin.    After  the  passage  through 

oas  |»oint«  iif  iti-i 

luconFM.  the  mesenteric  glands  it  becomes  capable  of  coagtilation, 
and  will  separate  into  a  scrum  and  a  clot.  Examined  near  the  villi,  it 
may  be  regarded  as  an  albuminous  li(iULd,  in  wliich  are  suspended  glob- 
ules of  fat  of  various  sizes,  down  to  the  degree  of  minuteness  just  speci- 
tied.  The  nature  of  these  globules  is  determined  by  the  action  of  sul- 
phuric ether,  which  readily  dissolves  them.     After  passing  tlirough  tho 
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mesenteric  glands,  the  percentage  amount  of  albumen  tieclines,  and  tlie 
iat  globules  dimuiish  in  number.  Simultaneously  the  special  cells,  to 
vhtch  the  nauie  of  chyle  corpuscles  is  given,  make  their  ftpt>earancc,  and 
the  lifjuid  is  now  capable  of  coagulating,  owing  to  the  production  of 
fibrin.  Tlie-ie  cliaractera  become  more  strikingly  developed  as  the  cliyle 
•dvonccs  in  the  thoracic  duct.  The  chyle  corpuscles  are  eventually  de- 
veloped into  red  blood-cclla. 

It  should  be  bonic  in  mind,  in  all  discussions  respecting  the  composl- 
tton  of  chyle  in  diflereut  parts  of  its  course,  that  it  must  re-  .  .  jn^iMii 
Oeive  transuded  matters  from  the  blood,  and  thai  this  must  irjin^udaiion 
knorc  particularly  occur  on  its  passage  through  the  mnsen-  '™™  ^i*" ''1"*>J' 
teric  glands.  Owing  to  tliis,  it  is  quite  probable  that,  even  though  there 
Bliould  be  an  actual  consumption  of  albumen  in  accomplishing  the  meta- 
morphoses which  are  taking  place,  the  apparent  percentage  amount  of 
that  ingredient  may  increase  by  transudation  from  the  blood.     It  a|>- 

rs  to  me  r^uite  probable  that  the  alliuminous  material  in  the  lacteal,  at 
ery  origin  in  the  villus,  has  Ijcen  derived  to  quite  as  great  an  extent 
by  transudation  from  the  plexus  of  blood-vessels  as  by  absorption  from 
the  digested  food. 

Whatever  may  be  the  apeciid  manner  by  which  the  fats  pass  from  the 
intestine  into  the  lactcaU,  they  have  scarcely  gained  those  snpoiiiiUatiwn 
Vessels  before  they  undergo  a  change.     The  quantity  of  free  oftb»>f»t- 
£tt  diniinishcii,  and  that  of  saponiiicd  fat  increases;  this  is  probably  ac- 
oomplished  by  soda  obtained  from  the  blood. 

As  to  tlie  fibrin,  it  can  scarcely  he  supposed  that  the  imperfectly  co- 
egulable  variety  wi)i<'h  the  chyle  contains  should  Itavo  been  DiirercoL-o  be- 
derived  by  transudation  tlurouyb  the  vessels  of  tlie  strondy  *7'T"  ^^T^' 

\  •>  O  o  J     nl>rin  snn 

contractile  kind  contained  in  tlie  blood;  and,  in  view  of  all  cli,vlc-(ii.riij. 
the  circumstances  of  the  case,  it  would  aj)pcar  that  the  explanation  wc  shall 
Fiff.Ri.  oftcrofitg  direct  origination  from  the 

chyle  albumen  by  oxidation  is  coirect. 
Tiie  ch^'Ie  corj)ascles   are  readily 
distincuLshcd  from  the  blood-  .,         , 
cells,  not  only  bv  tueu:  white  ohvio  cnr- 
appciirancc,  but'also  by  their  i,;^;!:;;;'' 
1  form.     They  are  spheroidid,  n-nstnuon 
and  either  homogeneous  or 
granular.     Those  of  the  frog  ai-c  seen 
in  //>/,  31,  at  a  a,  sparsely  scattered 
among  the  elliptical  blood-cells.     The 
photograph  from  which  the  engraving  is 
taken  exhibits  nearly  the  average  pro- 
diMnetom         '  portion  of  these  bodies  in  that  animaL 
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By  the  action  of  water,  the  nucleus  of  the  chyle-cell  becomes  morediB- 
tinct,  Its  increased  granular  aspect  making  it  more  visible,  as  in  /ly.  31 


Chjlt  Mfpturlo*  with  arcllc  arid,  c)mg> 

toSadoevdiuMum 


By  acetic  aciJ  tlie  nucleus  is  greatly  contracted,  ns  in  J^iff.  33,  and  soroft- 
times  even  escapes  from  the  cell. 

In  embryonic  life,  the  first  appearance  of  chyle  corjmscles  comroouly 
coincides  with  a  cliange  in  the  arrangement  of  the  respiratory  roecluui' 
ism,  as  tlic  closing  of  the  branchial  fissures,  indicating  a  connection  be- 
tween their  production  and  the  activity  of  interstitial  oxidation. 

It  has  been  previously  stated  that  the  bwlies  known  as  Pcycr's  glands 
v^'vct'n  ImmIIm  are  to  be  regarded  as  belonging  to  the  absorbent  rather  (liAn 
lucUa^ty^  '^^  digestive  apparatus.  In  structure  they  are  analogous  to 
tvm.  the  lympliatic  and  lacteal  glands,  consisting  of  a  capsule 

containing  granular  uiatcrial,  in  which  loops  of  capillary  blood-vessels 
are  laid.  From  these  proceed  many  lacteal  vessels,  ns  may  be  very 
plainly  observed  during  digestion.  Their  functions  would  therefore  seem 
to  be  the  submitting  of  tlic  chyle  to  tlio  simultaneous  intlucnco  of  tlic 
blood  brought  by  the  arterial  capillaries,  and  the  pul]>y  material  or  grart- 
ular  plasma  they  contain.  They  are,  in  reality,  dilatations  of  the  al^rb- 
cnt  vessels,  accomplishing  in  a  small  space  a  result  which  would  otljer- 
wise  demand  aver}'  long  lacteal  tube,  and  probably  not  itnprcssing  any 
other  change  on  the  chyle  than  that  which  would  luive  occurred  in  sadi 
a  lube,  if  of  sufficient  length. 

It  is  not  possible  clearly  to  understand  the  ftinctiona  of  the  laelcals 
Stnioiuro  ind   *'*^^o^*  **  description  of  the  structure  and  functions  of  the 
fuiinionsdftho  lymphatics,  for  these  vessels  consjjire  in  their  action. 
■*""''  "'^'■^  Anatomical,  chemical,  and    physiological    considerations 

lead  ns  to  conclude  that  the  formation  of  the  LYwrnATlc  frrRTKM  ia 
closely  allied  to  that  of  the  lacteai-  The  two  classes  of  vessels  moke 
their  appearance  together  in  fishes;  tlie  h-mphatics  originate  in  a  net- 
work of  delicate  tubes,  but  arc  disseminated  tlirough  all  the  soft  tissues 
except  the  nervous,  and  arc  found  especially  in  the  skin.     The  fine  ini- 
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\  tubes  gradually  coalcscf,  producing  those  that  are  of  a  larger  diaroe- 
cr,  aiid  tlie^jc  pass  tlirougli  glands,  which  might  indeed  be  regarded  as 

ere  plexuses,  and  eventually  empty  into  the  veins. 

A  few  luinates  after  it  hjia  l>ccn  drawn,  the  lympli  coagulates  into  a 
iolorless  clot,  and  tlicii  exhibits  contraction.  Compared  with  proprniu  or 
(lood  ill  like  circumstances,  llie  clot  of  lymph  ia  small  in  re-  '."uii.u. 
ation  to  the  serous  portion.  In  other  respects  there  is  a  general  resem- 
>laiice  between  lymph  and  blood  free  from  its  red  cells,  the  iibrin  and 
be  albumen  being  apparently  the  same  in  the  two  cases.  The  saliuo 
Donstituents  are  not  only  the  same,  but  bear  the  same  ratio  to  one  an- 
other in  the  two  fluids.  Their  absolute  percentage  amount  diHers,  be- 
lose  the  lymph  contains  a  larger  proportion  of  water  than  tlic  blood. 

The  h-mph  arising,  as  we  sball  tind,  by  transudation  from  the  capil- 
.rics,  mast  obviously  vary  in  difTcrent  ports,  tliosc  parts  taking  from 
ho  blood  the  materials  they  re^Luiro  for  their  nutrition,  and  yielding  to 

tlie  products  that  have  arisen  during  their  waste.  Whatever  in  this 
Banner  changes  the  eompo-sltion  of  the  blood,  must  also  occasion  a  change 

the  transuded  liquid.  Tims  Sclmiidt  has  shown  that  protein  bodies 
nnsadc  through  the  capillaries  of  the  pleura  most  copiously;  through 
ho3c  of  iho  peritoneum  not  to  half  tliat  amount ;  tlu'ough  those  of  tho 
iraiu  and  tliosc  of  the  subcutaneous  areolar  tissue  to  a  less  and  less  cx- 
BoL     Kot  only  must  the  material  tims  oozing  from  tho  capillaries  vary  in 

ffcpent  regions,  because  of  variations  in  tho  mechanical  constitution  of 
hose  vessels,  but  it  must  also  change  even  in  tho  eamo  locality,  througli 
rxDporary  accidents,  such  as  changes  in  the  velocity  with  which  the  blood 

flowing.     An  attcmjit  has  been  made  to  show  that  the  transudation  will 
riciiest  in  albumen  as  the  blood  current  in  the  capillaries  is  slower. 

When  the  contents  of  the  lymphatic  vessels  arc  submitted  to  analyst 
kDd  compared  with  the  chyle,  a  striking  difference  is  appar-  c<inipo*iii(>uof 
nt.     The  chyle  contains,  as  has  been  already  stated,  large  b  •"?'■• 

t  variable  proportions  of  fat  or  oil  in  an  extremely  subdivided  state, 
rom  which  the  lymph  is  free.  The  leading  solid  constituent  of  the 
^mph  is  albumen,  and  this  indicates  the  use  of  the  system. 

Cbmpo*ition  <if  Lymph. 
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The  functional  coimection  between  the  lactcals  and  lymph  vessels  is 
sery  well  illustrated  by  the  following  analysis,  which  ex-  Pauinffchylo 
libitc  the  composition  of  diyle  obtained  from  tlic  thoracic  ^  >/i»pt>- 
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dact  of  a  man  vrho  died  from  sof^euing  of  tlie  brain,  and  who  took  noth- 
ing but  a  little  water  for  30  hours  preceding  Uis  death.     (L'Hcriiier.) 

TVwcr ^ tt24.a6 

FkI » » &.I0 

ribrU 3.20 

Albameti „ €0.09 

Balls „ 7Ja 

1000.00 

The  constitutiou  of  the  chyle  so  nearly  approachcH  that  of  the  lym^^l 

Comparison  of  *^"'  ^**^  ^^  authorized  to  conclude  tlint,  daring  fasting,  31^^ 

...  1.1.  '.1  1  1.1  1*  '*nn«o  In 


cliyU. 


Ltcteols  transmit  lympli,  and  tlic  conclusion  gives  force  to 
tbe  observation  ali-eady  made,  that  the  albumen  of  cbrlc  is 

derived  rather  from  the  blood  capillaries  than  froni  the  digested  food. 

ContMri^n  of        *-^"  comparing  together  tlie  salts  of  the  serum  of  the  blood 

tbo  lymph  atid  and  thoso  of  the  lymph  as  obtained  from  the  horse,  they  ip- 

"*"*"*  pear  to  coincide. 

Suit*  ^  Scrum  a$td  LgmjA. 


Srniin. 

Lruiph. 

l.l.tO 
.Ull 
.IIS 

4.I3S 
1.13ft 

.an 

.lao 

£.611 

&.6II 

From  the  indications  presented  in  tljese  tables,  there  can  be  no  doubt 
Officeortha  *^*"'  *^*®  office  of  the  lymplialica  is  to  collect  the  albuminous 
■rmphftUc  svs-  matters  which  have  every  where  transuded  from  the  blood- 
'«•»•  vessels,  or  been  set  free  by  changes  going  on  in  the  soft 

parts.  Sucli  matters,  though  they  may  bo  regarded  as  being  in  one 
sense  dead,  arc  yet  as  applicable  for  the  fiu-thcj*  support  of  tbe  mechan- 
ism as  are  the  albumenoid  bodies  introduced  as  food,  and  said  to  be 
taken  up  by  the  lactcals.  The  last  table  shows  that  the  lymph  is  really 
nothing  but  a  diluted  scrum.  A  mechanism  is  therefore  resorted  to  to 
turn  this  collected  albumen  into  fibrin,  and  thus  arises  a  lymphatic  gland 
— a  contrivance  which  tends  greatly  to  compactness.  This  structure  is 
Ftmctarc  of  *^'*^  counterpart  of  the  mesenteric  or  lacteal  gland.  It  may  bo 
l,vai)>baiic  described  as  originating  from  the  coalescence  of  two  or  three 
*' "  '  lymph  vessels,  which,  casting  off'  their  external  coat  as  they 
enter  tlie  gland,  anastomose  with  one  anotlicr  in  various  ways,  so  as  to 
fonn  plexuses  and  convolutions.  The  capsule  of  the  gland,  strengthen- 
ed by  the  coat  it  has  received  from  the  entering  vessels,  sends  forth  par- 
lilion-like  ]>rocefl3e8,  which  dip  down  into  tbe  grayish  pulpy  material 
filling  the  interstices.  On  their  emergence  from  the  gland  the  vessels 
necovcr  from  it  their  external  coat,  and,  during  their  passage  throngh  it 
in  their  naked  state,  blood-vessels  arc  distributed  upon  them.     Tlie  ob- 
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ject  of  tho  arrangement  secma  io  lie  to  submit  tlie  liquid  contained  in 
the  lymph  vessel  to  tlic  action  of  llic  pulpy  material  of  llie  gland  and  ar- 
terial blood  under  the  moat  fivorable  circumstaiiceH,  the  thinness  of  tbc 
wall  and  llio  convolved  plexus  being  well  adnjitcd  to  that  end. 

/Vy.  34  illustratea  the  IjTiipbat- 
ic3  of  the  large  mtcstinef  the  ad- 
joining parts  being  cnt  or  displaced 
to  display  tiicm ;  a,  a,  ascending 
and  transverse  colon  drawn  aside; 
A,  d,  descenduig  colon  and  its  sig- 
moid flexure  drawn  aside  ;  c,  co;- 
cum  ;  (I,  stomacli ;  Cj  duodenum  ; 
/",  jejunum  cut ;  ^,  A,  i,  lynii)hatic3 
and  their  glands.  In  sucli  an  ar- 
rangement as  this,  the  lymph  is  far 
more  perfectly  cx])0sed  to  the  in- 
tincnces  to  which  it  has  to  Iw  sub- 
mitted tlian  it  could  possibly  bo  in 
straight  tubes.  In  reptiles,  how- 
ever, this  package  is  not  resorted 
to,  and  the  tubes,  being  spnad  out, 
give  the  false  appearance  of  a  great- 
er development  to  this  sy.-'tcm  than  in  the  higher  tril)CS,  In  the  mam- 
malia, according  to  Professor  Goodsir,  wherever  the  lymph  tulie  enters 
the  gland,  it  changes  its  internal  constitution,  losing  the  scnle-likc  cover- 
ing that  its  inner  cont  presented,  and  offering  a  numerous  development 
of  nucleated  cells,  many  of  which  adhere  to  the  membrane  beneath,  but 
maiiy  float  away  and  drift  w^th  the  lymph  in  its  course.  There  is  a 
coDStant  rcjirodnction  of  these  organisms,  and  they  seem  to  be  comiected 
with  R  change  in  tlie  nlbumcnoid  constituent  of  the  lymph,  pj^^jy^u^^j,  ^^ 
turning  it  into  fibrin.  And  thus,  if  examination  is  made  of  fibrin  in  K-mph 
the  lymph  Iiefore  it  enters  a  gland  and  after  it  has  passed  s"*"*!*- 
through,  in  the  former  instance  it  seems  to  ditTcr  but  little  from  the  liquor 
sanguinis,  or  serous  portion  of  the  blood,  as  lias  been  already  shown,  but 
in  the  latter  fibrin  begins  to  abound. 

Professor  Goodsir'a  view  is  represented  in  the  diagram,  J^irj.  35,  show- 
^'9-  20.  F'ff.  30.  jng  tjie  gcale-likc  cp- 

oSS&^S^^  ithclial    cells    of  the 

lymphatic  tube  chang- 
ing into  the  nucleated 
cells  of  the  gland. 

OtaCBtDDrBlrmpligluid.  KTolntinnnferllMlalrnirb^liilu].  -f^if/-    36    tllustratCS 

the  generation  of  broods  of  ceils,  some  being  attached  tmd  some  free. 
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Some  chcmUts,  adopting  Oie  views  of  Liebig  respecting  the  essential 
nhrin  not  on  difference  l)etween  blood  fibrin  and  muscle  fibiin,  look  upon 
.ffcto  iKxiy.  iiig  fonucr  substance,  not  as  a  histogenetic,  but  as  an  effete 
body,  a  conclusion  wliicU,  of  coutfc,  would  bavc  an  important  bcariiig 
upon  the  interpretation  of  the  function  of  tlie  glands  as  here  given,  as  like- 
wise upon  that  in  the  corresponding  case  of  the  chyle  The  weiglit  of 
physiological  evidence  is,  liowcver.  so  strongly  against  this  doctrine,  liuit 
tre  arc  constrained  to  retain  the  old  one,  and  therefore  to  regard  the  pn- 
duction  of  fibrin  as  one  of  the  important  duties  of  the  lymphatic  systcoi. 

Tho  absorbent  vessels,  whether  lacteals  or  Ijmiphatics,  have  therefore 
lu  mode  of  *  common  duty  of  changing  albuminose  or  albumen  ioto 
prtKioctioo  ttDd  fibrin,  and  thereby  of  compensating  for  the  constant  waste  of 
'*"*'*'"•  *  that  substance  wliich  h  going  on  in  tlic  wear  and  tear  of 

the  mnscalar  system.  The  constitution  of  tho  urine  proves  tliat  the 
amount  of  muscular  fibrin  destroyed  in  short  periods  of  time  is  \txy 
great.  We  can  not  estimate  the  liourly  consumption  at  leas  than  G2 
grains.  Such  a  wa^tc  must  demand  an  cijuivalcnt  compensation,  if 
the  animal  meclianism  is  1o  be  kept  tip  unimpaired,  and  cvety  cam  is 
therefore  taken  to  omit  no  means  which  may  incidentally  offer  for  hua- 
banding  tho  necessary  materials.  The  action  of  the  lymplutics  ilhu- 
trates  this  principle  significantly.  Passing  through  all  the  soft  solids 
where  exudation  of  albumen  from  tlic  blood-vessels  can  take  places  they 
collect  tho  materials  tlmt  would  otherwise  go  to  waste,  and  add  thereto 
many  of  tho  products  arising  from  the  disintt^ration  and  decay  of  the 
soft  parts  themselves.  Receiving  all  these,  they  transmit  them  throi^ 
their  windings  iu  the  glands,  and  thus  submit  them  tu  tlio  action  of  the 
innumerable  cells  which  arc  there  coming  into  existence.  As  in  the  egg 
of  a  bird,  in  which,  as  the  albumen  slowly  disappears,  tho  muscular  tis- 
sues of  the  young  chicken  arise,  so  here  tho  serous  portion  disappears, 
and  fibrin  comes  in  its  stead,  and  this  is  hurried  forward  to  tho  torTcnt 
of  the  circulation,  and  tlirown  into  tlic  blood-vcsscb,  to  be  by  them  dis- 
tributed to  all  parts  of  the  mcchauism,  wherever  the  muscular  tissues  are 
in  want  of  repair. 

But,  besides  this  fiinction  of  tho  elaboration  of  fibrin,  there  can  be  no 
Cutuituua  qQCStion  that  the  hinphatica  have  otiicr  incidental  uses. 
UmpiuiUc  ah-  Mony  facts  are  known  which  prove  that  those  of  tJie  skin 
•or].  Hill.  cjtert  n  powerful  agency  in  alworlting  liquid  material.  Thus 
a  person  who  has  abstained  t"ron»  water  will,  after  lie  has  immersed  his 
botly  in  a  bath,  not  only  find  his  weight  increased,  but  tho  sensation  of 
thirst  abated.  Instances  of  the  kind  are  on  record  where  sailors,  in  open 
boats  >Wthout  firesh  water,  have  assuaged  the  torments  of  thirst  by  im- 
mersing their  bodies  in  tho  sea.  Nay,  it  is  o\'en  asserted  that  in  certain 
conditions  water  may  thus  be  obtained  fiom  the  atmospheric  air,  and  in 
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such  cases  every  thing  points  out  that  the  l)-mphatic  vessels  are  the 
iTcnues  through  which  the  hquid  'la  introduced. 
In  wliat  niaiuicr  does  the  lymph  move?  lu  reptiles  there  are  found 
are  ternioJ  lymphatic  hearts,  which  are  nicrely  dilated  caosoofthe 
ions  of  a  tube  cxhihiting  pulsation.  Of  tlicsc»  in  tlio  ^*"'  '*''  b'm'^ 
g,  two  pairs  may  bo  discovered,  one  behind  the  iiip-joint,  and  situated 
lo  superficially  that  the  motions  can  Iw  plainly  seen ;  the  other  is  at  the 
interior  part  of  the  chest.  The  pulsating  movements  of  these  on^ans,  of 
loarso,  impel  the  liquid  acted  on  in  the  direction  determined  by  the  valves 
rilh  which  the  vessels  arc  so  profusely  suppltedi  that  is,  to  the  general 
ttrcuiation,  and  llie  lymph  finally  enters  the  blood-vessels. 

But  in  the  liighcr  tribes  these  organs  of  impulsion  arc  absent,  and  the 
arcuUtion  through  the  vessels  is  determined  by  the  agencies  mentioned 
n  the  case  of  the  lactcals.  1st.  Hy  the  constnnt  accuinulation  of  Hquid 
it  the  origin  of  the  tube;  2d.  liy  every  muscular  movement,  citlier  vol- 
kntaTy  or  involuntary,  which  produces  a  compression  of  the  tube,  the 
lalTCS  all  opening  one  way,  and  therefore  causing  the  included  liquid  to 
m»B  in  ono  direction  only ;  .3d.  By  the  exhaustive  action  at  the  moutli 
if  the  lymphatic,  arising  from  the  passage  of  the  blood.  It  ought,  per- 
laps,  to  be  prominently  pointed  out,  as  f»elonging  to  the  second  of  these 
■uses,  that  the  puUation  of  the  arterial  trunks  adjacent  to  any  lym- 
balic  brings  the  jrower  of  the  heart  itself  into  operation  in  an  indirect 
rar. 

Though  the  absorbents  will  receive  many  different  bodies  and  transmit 
|iem  lo  the  vcbis,  the  action  does  not  take  jihice  in  an  in-  ^-p^n^j  ^ 
Hiscnminate  manner.  Certain  substances,  such  as  the  fats  U-ctiag  power 
nil  allmmen,  find  a  ready  entrance,  but  admission  to  others  *  *"''*"'*- 
wholly  denied.  Thus  it  has  long  Iieen  known  that  if  coloring  matter 
i  introduced  into  tlie  intestine,  it  by  no  means  folloivs  that  the  cliyle 
iU  be  tingc<i  If  an  animal  be  comj>elled  to  take  litmus-water,  the 
liyle  will  still  be  found  colorless  or  white.  On  such  facts  was  founded 
he  old  doctrine  tliat  these  organs  possess  a  low  Bj)ecic3  of  intelligence, 
istiugoishing  among  different  substances,  permitting  some  to  enter 
kBB,  and  refusing  a  passage  toothers.  Many  years  ago  I  showed  that 
lese  fanciful  cases  are  capable  of  a  simple  physical  explanation.  Thus 
fixmd  that  if  blue  litmus  water  was  tied  up  in  a  bladder,  or  a  piece  of 
eritoneum,  and  sunk  in  a  veasej  of  alcohol,  though  the  water  would  rap- 
Jly  infillrate  into  the  alcohol,  the  coloring  matter  would  be  stopped  just 
it  is  in  the  intestine.  But,  in  reality,  there  is  no  need  of  such  experi- 
BcntB  to  satiafv  tis  of  the  fictitious  nature  of  this  selecting  jwwcr.  If 
fill  a  lamp  half  full  of  oil  and  half  of  water,  and  immerse  in  it  a  wick 
img  enough  to  dip  into  Ijoth,  if  the  %vick  be  prcNnously  soaked  in  oil,  it 
ill  withdraw  from  the  lamp  oil  alone,  and  continue  to  do  eo  until  tlie 
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lamp  ocaaes  to  burn ;  but  if  it  be  first  Boakod  in  water,  it  will  whoUv 
refuse  to  take  the  oil,  and  rcmoro  the  water  alone,  until  &U  ia  escaped  It 
evaporation,  iiut  did  ever  any  ouc  impute  to  the  wick  of  a  lamp  a. 
power  of  intellectuality,  no  matter  how  obscure,  or  suppose  that  tlicr? 
is  any  thing  mysterious  in  such  a  selecting  operation  t  A  perjwtual  refer- 
ence of  the  most  common  facts  to  mystexious  agencies  liaa  been  the  grett 
barrier  to  the  ad\-ance  of  medical  science.  This  system  was  intiodnced 
by  the  nlchemi.stA  and  quacks  of  the  Middle  Ages,  and  even  now  it  will 
tnkc  many  books  nnti  many  yeara  bdbre  physiology  can  be  rescaed  from 
such  visionary  theories. 

From  the  [X}int  to  which  our  descriptions  liave  brought  us,  wc  ha^-o 
Conntrtion  of  *°  regard  this  part  of  the  absorbent  mechanism  as  connected 
bct«nia  «u4  witb  two  gTcat  animal  functions,  motion  and  TCS{)iration. 
wul'moii^  iJoth  its  divisions,  tlie  l_>-mphatics  and  the  lacteals,  in  ptepor- 
an.i  n<f>{>irn.  ing  fibrin  from  albnmcn,  moke  provision  for  the  repair  of  the 
muscular  tissues,  and  arc  therefore  to  be  regarded  as  a  portion 
of  the  motive  apparatus.  But  the  lacteula  arc  charged  with  a  fiulhcr 
duty,  and  in  o  double  manner  arc  cotmectcd  with  the  respiratory  mechan- 
ism, for  they  nut  only  introduce  fats  into  the  system,  but  give  origin  to 
the  cells  of  the  blood,  wlucli  arc  the  carriers  of  oxygen, 

Wc  may  therefore  close  this  chapter  with  a  few  remarks,  Ist  On  the 
eoimection  of  the  absorbent  system  with  tJio  provisions  for  motion ;  2A. 
On  its  connection  witli  the  rcs])iratory  fuuctiuu,  as  more  particularly  dis- 
played by  the  pre})aration  of  blood-celU. 

1st,  The  connection  of  the  al^sorbent  system  with  the  provisions  for 
motion  is  through  its  function  of  preparing  fibrin  from  albumen. 

From  the  membrane  which  lines  tlie  plexus  of  tubes  of  which  tlie  xdc^ 
FtbHcntion  enteric  and  lymphatic  glands  are  comi)Osed,  crowds  of  nucleated 
of  flbrln.  cpiig  ^^  continually  arising.  As  to  the  function  of  these  ocUs, 
there  con  be  Little  doubt  that  it  is  in  part  to  effect  tfie  translation  of  a 
l^ortion  of  all>umen,  wliich  Ims  been  introducexl  along  with  the  oil  glob- 
ulee,  into  fibrin,  and  accoixlingly  wc  find  that  the  chyle,  analyzed  at  dif- 
fietent  parts  of  its  course,  yields  dilTercnt  products.  As  haa  been  stated 
already,  intercepted  before  its  passage  tlu-ough  these  glands,  very  little 
fibrin  is  found,  but  collected  from  |>oints  beyond,  the  quantity  of  fibrin 
steadily  increases  and  that  of  ntlmmen  declines.  The  plexus  of  tubes 
lias  therefore  for  its  object  to  expose  its  contents  to  the  infiueneo  of  the 
cells. 

Now  wluit  are  the  chemical  conditions  under  whidi  the  Iransmntation 
of  albumen  into  fibrin  takes  place?  The  problem  is  most  clearly  pre- 
sented in  the  co^e  of  the  incubation  of  a  bird's  egg.  The  white  of  the 
egg,  consisting  ciiicfly  of  albumen,  gradually  loses  that  form,  and  passes 
into  the  state  of  fibrin  as  the  development  of  the  muscular  tissues  of  the 
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young  diickcn  is  cfii^cteJ ;  but  tlie  clmnge  can  not  take  place  except  ox- 
ygf^n  be  received  thnnigh  the  shell ;  and,  indeed,  in  all  cases  in  wliich  al- 
bumen losses  into  fibrin,  it  does  80  only  in  the  presence  of  oxygen. 

Bat  in  the  ease  of  the  absorbent  glands,  from  what  source  does  the 
i«f|uL$itu  oxygen  conicl"  These  glancln  have  just  been  de-  Manna- io 
scribed  na  plexuses  of  llic  absorlxMit  tubes,  among  the  rami-  **'''*  oxrRcn 
fications  of  which  arteries  and  veins  are  abundantly  distrib-  the  making  of 
ottHl,  the  blood  not  getting  access  to  the  interior  of  tlie  ab-  **''""■ 
florliont,  bat  running  in  its  own  vessels,  as  it  were,  side  by  side,  and 
branching  on  the  naked  walls  of  the  plexus ;  and,  just  as  in  the  placen- 
tal circulation  the  arterial  blood  of  tlie  mother  vivifies  or  furnishes  oxy- 
gen to  the  f(L't:d  bloofl,  so  in  this  instance  the  arterial  blood  enables  the 
crlls  to  disdiargc  their  duty  of  converting  the  albumen  into  fibrin,  which 
passes  onward  to  the  general  circulation  for  the  renovation  of  the  muscu- 
lar tissues. 

Since  the  hourly  consumption  of  fibrin  may  be  taken  at  62  grains, 
the  quantity  produced  bv  tlie  action  of  these  cells  must  be  the  same. 
Wc  may  llierefore  affirm  that  the  fibriu-producing  meclianism  yields 
about  one  grain  iu  each  minute  of  time. 

2d.  Conteniiwrano^ualy  with  the  elaboration  of  fibrin  is  the  develop- 
ment of  the  proper  chyle  corpuscles.     Through  the  evolution   Fonnitionof 
of  these  and  the  absorption  of  fat,  the  chyle  vessels  present  a    i'l«»<i-<»*i«- 
connection  with  the  rei*|>iratory  apparatus. 

If  any  weight  is  to  be  given  to  the  ahcws  of  Aschorson,  the  occurrence 
of  fat  globules  in  the  chyle  is  essential  to  these  cellular  productions. 
Hii  (bund  that  when  globules  of  oil  are  placed  in  a  solution  of  albumen, 
tliey  become  coated  over  wilh  a  film  of  that  substance  in  a  coagulated 
state,  and  hence  was  led  to  infer  tixat  this  is  the  starting-point  of  cell  pro- 
daction  generally. 

The  cliyle  corpuscles  arc  tlie  embryos  of  the  true  red  blood-cells,  the 
latter  being  derived  from  them  by  gradual  development.  As  will  appear 
more  in  detail  when  wc  come  to  the  description  of  the  blood,  in  vcrte- 
bratcd  animals  there  are  tvro  distinct  classes  of  red  biootl-  -,  , 

celts,  which  appertain  to  distinct  periods  of  lil'e.     The  first,  foniMofbiooi}- 
whicli  are  found  in  man  previously  to  the  time  of  formation  **     °  ""*"* 
rf  the  chyle  and  lymph,  art*  nucleated,  and  have  the  power  of  reproduc- 
tion by  fisBuring  of  the  nucleus. 

But  a  distinct  set  gradually  replaces  the  preceding.  These  cells  have 
no  noclcua;  they  are  flattrnc<l,  bi-concavc,  and  in  man  circular.  They 
poaaflss  no  power  of  reproduction  either  by  Assuring  or  otherwise.  Their 
origin  is  firom  the  chyle  corpuscle^  the  granular  interior  of  which  clears 
op,  and  is  snccceded  by  a  deep  red  tint.  Tlie  transition  firom  the  first 
to  the  second  of  these  forms  takes  place  at  an  early  period,  and  may  be 
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regarded  as  complete  in  the  human  emtryo  of  two  months  old.  After 
that  time  blood-cells  are  generated  upon  the  second  plan,  from  the  chyle 
corpuscles  alone. 

It  is  a  significant  circumstance  that  this  transition  from  the  reprodnc- 
tivc  to  the  non-reproductire  blood-cell  is  coincident  nsnallj'  with  the  dis- 
appearance of  the  external  branchite,  or  the  closing  of  the  branchial  fis- 
sures. There  can  be  no  question  that  the  destined  ftmction  of  the  per- 
fect blood-cell  is  the  introduction  of  oxygen  to  the  system.  In  their  or- 
igin and  in  their  object  they  are  therefore  in  relation  with  the  respirafoir 
mechanism. 


CHAPTER  VI. 

ABSORPTION  BY  THE  BLOOD-VESSELS. 

Proof  of  AhsorptioH  6jf  the  Blood  CapiBanes. — Occur*  om  a  j^rical  Neeessity. — Aotare  of  Cup- 
ilLtry  AttractioH. — lu  I^tntomena  in  the  Bist  and  Deprt*»ism  of  Uqmd*. — Comtitiama  fv 
proditnng  a  Fhw  in  a  Cafnliary  Tube. — Postage  of  LiqttidM  through  miniUe  Pore*. — Genera) 
I*rojtimtioiu  respecting  GipiUary  Attraction. — Endotmotis  and  Exotmous. —  7%gr  dtpemdon 
Cii/nliary  Attraction. — Porce  agavat  ichich  these  Movement*  wtay  tate  place. — ISnttrtttioma  e/' 
aeUOv^  J^wer. — Gattrai  Ctor  o/the  entirt  Ftmction  of  Abtorption,  lacteal  and  vatotu. 

That  the  blood-vessels  of  the  stomach  and  intestinal  tube  participate 
Snbsunces  are  in  the  function  of  absorption  is  demonstrated  by  many  dif- 
SeT^  «i>-  ^«""*  ^*^^*  Medicaments  placed  in  the  stomach  after  its 
iiiariea.  pyloric  orificc  has  been  tied  will  produce  their  specific  effect 

almost  as  rapidly  as  under  natural  circumstances ;  and,  since  there  arc 
no  proper  lacteals  upon  that  organ,  and  its  1^-mphatics  seem  to  be  inade- 
quate, tlie  absorption  of  these  agents  can  have  taken  place  through  the 
blood-vessels  only. 

This  conclusion  is  substantiated  by  an  examination  of  the  blood  of 
the  gastric  and  mesenteric  veins.  It  varies  with  the  stage  of  diges- 
tion and  the  nature  of  the  food.  At  first  there  is  a  general  lowering  of 
the  percentage  amount  of  the  solid  ingredients,  this  being  evidently  the 
result  of  the  absorption  of  water.  At  a  more  advanced  period,  the  rela- 
tive proportion  of  albumen,  or  rather  of  albuminose,  rises,  and  along  with 
it  the  extractive,  gelatine,  and  sugar  increase.  As  with  the  chyle  in  the 
lacteals,  so  with  the  blood  in  the  mesenteric  veins,  coagulation  takes 
place  imperfectly,  or  perhaps  not  at  all.  It  is  stated  that  the  mesen- 
teric blood  of  a  fasting  animal  does  not  differ  from  the  ordinan'  venous 
blood. 

The  i>osition  of  the  blood-vessels,  both  on  the  mucous  surface  of  the 
stomach  and  particularly  on  the  villi  of  the  intestine,  is  favorable  to  the 


I 
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harge  of  this  function.  The  terra  vcnoiia  absorption,  employed  to 
tnr&s  it,  ia  perhaps  somewhat  incorrect,  since  there  is  no  reason  that  a 
renous  capillary  should  have  any  advantage  over  an  arterial  one  in  this 
respect.  The  rapidity  with  wluch  substances  in  a  state  of  solution  are 
lAkcQ  up  from  these  cavities  has  been  wcU  demonstrated  by  such  in- 
stances as  tliosc  of  the  detection  of  the  fcrrocyanidc  of  potassium  in  the 
nrinc  within  2^  minutes  of  its  having  been  deposited  in  tlic  stomach,  or 
by  the  ileath  of  dogs  in  a  similar  short  period  after  strong  alcohol  liad 
been  administered  to  tliem,  their  blood  being  found  to  bo  charged  with 
that  combustible  subslauce. 

Among  substances  thus  finding  their  way  into  the  circulation  by  di- 
rect vascular  absorption  may  l>e  enumerated  such  soluble  salts  as  Iiavc 
little  affinity  for  the  tissues,  mineral  and  urganie  acids,  alcohol,  ether, 
volatile  oils,  vegetable  alkaloids,  and  coloring  matters,  as  those  of  rhu- 
barb, madder,  gamboge. 

In  fiict,  if  there  were  not  these  physiological  considerations,  we  should 
Imve  to  admit  absorption  by  the  blood-vessels  as  a  mat-  AiworpUon  by 
ter  of  uhvsical  necessity ;  for,  under  the  circumstances  of  *''*  *'l"*''-»«^ 

,     .       .  .  ,  ,  ,    ,,  ,    wUoociir»«»o 

tiicir  situation,  tney  must  take  up  soluble  matters  presented  j)byiic«i  mcc*. 
to  tlicm.     Through  the  \H)Tt's  of  their  delicate  structure  sub-  *'*^' 
stances  in  the  liquid  state  will  psss  to  mingle  with  the  blood. 

Though  we  have  treated  of  respiratory  or  lacteal  absorption  as  specif- 
ically distinct  from  absorption  by  the  blood-vessels,  the  circunii^tiuices 
here  alluded  to  evidently  point  out  that  the  resulting  action  of  the  villi 
of  the  intestines  is  of  a  mixed  kind ;  for,  though  the  cpitheJia]  ci^lls  and 
the  commencing  pouch  of  tlie  lacteal  mny  exert  a  definite  influence,  the 
network  of  blood-vessels  which  lies  immediately  beneath  the  epithelium 
must  be  engaged  in  precisely  the  same  maimer  a:i  the  network  of  blood- 
Tesaels  between  the  gastric  follicles.  The  permeation  of  the  walls  of 
these  tubes  by  substances  In  a  state  of  solution  is  dependent,  as  wc  arc 
now  to  sec,  upon  a  purely  physical  principle,  which  is  just  as  a])plicablo 
in  tho  one  case  as  It  is  in  the  other.  The  leading  solid  ingredients  of 
tlio  chyle  being  fat  and  albumen,  the  former  is  perhaps  introduced  I'y  the 
proper  lacteal  structure,  and  the  latter,  taken  up  by  the  vascular  network, 
exudes  tn  part  again  from  it  into  the  lacteal  arrangement. 

In  the  case  of  absorption,  as  in  that  of  respiration,  hereafter  to  be  de- 
scribed, there  is  a  physical  principle  in  oi)erution  which  it  is  neceasaiy 
to  understand.  I  shall  proceed  to  explain  it  on  this  occasion  as  far  as  is 
needful  for  the  present  pur]iosc,  and  complete  the  description  in  the  chap- 
ter on  the  lunction  of  respiration.  The  peculiar  views  here  set  forth, 
so  far  as  they  differ  from  those  ordinarily  expressed,  I  believe  to  bo 
warranted  by  my  own  experiments  elsewhere  published. 

The  absorbent  action  of  the  blood-%'essels  depends  on  the  force  known 
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C«riiUrT    among  pli^rsical  writers  ns  capillart  AlTBACnoN*.     Its  nature 
atinciiun.  j^jjy  i^  Ulustratwl  as  follows : 

If  a  piece  of  glass  be  laid  on  the  BUiface  of  quicksUvcr,  it  is  so  powo 
fully  attracted  thereto  a?  to  require  tJie  exertioa  of  considcmblc  force  to 
hSi  it  off.  Natural  philosopbcrs  generally  regard  tliia  as  a  force  sui  ge- 
neiiB,  and  speak  of  it  under  the  title  of  capillary  attraction.  I  beliere  it 
is  nothing  but  an  ordinary  elcctricid  phenomenon,  since,  if  the  glasA  be 
examined,  it  will  be  foand  to  be  in  a  positively  electrified  state,  and  the 
quicksilver  negative,  and  under  the  general  law  of  electricity,  known  as 
that  of  Dufay,  attraction  must  be  llic  result. 

If  the  glass  bo  laid  upon  the  surface  of  water,  there  is 
an  attraction  as  Ijeibn*.  On  lifting  it,  however,  there  is 
no  clcctricnl  manifestation.  The  rca.<on  of  ttiis  is  plain. 
Oa  examining  this  glass,  it  will  be  found  that  no  true 
separaliun  of  it  from  the  water  has  taken  jilacc.  A  film 
of  water  is  still  attached  to  it,  or,  in  other  words,  it  is 

If  a  slender  glass  Ui\A\  h,  Fifj.  37,Ik>  dip|)edinto  a  liquid, 
Eisvntinntnd  o,  (2,  which  coii  uol  wct  it,  OS,  for  example, 
S^jdr'nTup.  n^icksilvcr,  the  liquid  is  depressed  as  at  c^ 
liUrj-  iube».  and  does  not  rise  to  its  proper  hydrostatic 
kreli  or,  perhi^s,  altogether  refuses  to  enter  the  tube. 

JV-ss.  If  a  slender  glass  tube,  KFlg.  3S,  be  dip|Kti  into 

a  liquid,  a, «,  whicii  can  wet  it.  as,  for  example,  water, 
the  liquid  at  once  rises  in  the  tube,  as  at  c,  to  a  height 
which  is  greater  in  proportion  as  the  diameter  of  the 
tube  is  less.  It  is  this  phenomenon  which  has  given 
the  designation  cajnUavy  attraction^  because  it  ia 
best  seen  in  tultca  as  fine  as  a  hair  (capiUiis). 

Now  if  tlicre  l)c  a  tul>o  of  such  a  diameter  that  it 

could  thus  lift  water  ten  incites,  and  it  be  broken  off 

BO  as  to  be  only  six  inches  long,  we  might  inquire 

whether  the  water  would  overflow  from  its  top,  or 

simply  remain  suspended. 

Mathematical  considerations  as  well  as  direct  experiments  prove  that, 

in  such  a  case,  there  would  lie  no  oveHlow.     A  capillary  tul«  under 

these  circumstances  simply  lifts  the  water,  but  can  not  produce  a  contin* 

uoua  current. 

But  if  a  removal  of  the  water  at  the  toji  of  the  tube  takes  place  in  any 
„    ., ,      ,     mnnner,  as,  for  instance,  by  ev«iiomtion,  or  by  beinij  dissolved 

Comlilloni"  for  '  .  .  •  1  1         «,, 

l.rf..luciiiB»      away,  tlien  a  contmuona  current  is  pro<mced.     This  fact  ex- 
*'*^'  plains  the  phenomena  of  endosmosis,  presently  to  be  do- 

scribed. 
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As  illnstrative  of  the  piwluction  of  a  continuous  flow,  wc  may  cite  the 
case  of  a  spirit-lamp,  t!ie  wick  of  wliich  may  be  rcgardoJ  as  a  bundle  of 
capillary  tubes.  If  the  cover  of  tiie  lamp  be  taken  oif,  all  the  spirit  will 
pass  up  the  wick  and  escape  by  evaporation.  Or  in  an  oil-lamp,  the  wick 
of  which  liceomcs  readily  saturated  with  iho  liquid,  but  never  cxliibits 
any  overflow,  on  the  lamp  being  kindled,  the  oil  is  bnmed  oflT,  and  a  cur- 
rent is  Rt  once  esfablislicd. 

I  have  shown  that  water  will  pass  tlirough  a  crevice,  the  width  of  which 
is  less  than  one  haif  of  the  millionth  of  an  inch.  Pores  or  Liquids  psM 
crevices  of  such  a  dimension  are  invisible  even  with  a  micro-  ^^^^tHt^ 


Boope^ 


ic«u  or  pores. 


The  evidence  in  proof  of  this  is  very  readily  obtained  C3q)enmcntally, 

^■^- If  wc  take  a  convex  lens,  tz,  a,  of 

^^^^^^^^^^^^^^^^^        ^ou}^  raditiH,  and  i)lacc  it  upon  a  glass 
iH^^m^^^^^^^^H^HHI^  plane,  fi^  h^  there  will  Itc  seen  at  the 
fMwreofwBtexuiroiiKhAcrcYin.  point  of  contact,  c,  on  looking  down 

upon  the  arrangement,  a  black  spot  surrounded  by  a  series  of  variously 
colond  concentric  circles,  the  appoiu-aucc  l>eing  well  known  among  op- 
tical vrittira  under  the  name  of  Newton's  colored  rings.  At  the  point 
o£  apparent  contjict,  c,  the  lens  and  the  plane  are,  as  Newton  lias  shown, 
a  distance  apart  of  about  the  one  half  of  the  millionth  of  an  inch,  and 
from  this  central  point,  proceeding  outwnrdly,  the  distance  between  tlie 
glaaaes,  of  course,  increases.  If  any  wlicre  at  the  outer  portion  a  drop 
<tf  wal«r  be  introduced,  it  extends  itself  instantly  across  kII  the  colored 
rings,  reaching  even  across  the  central  black  S{>ot. 
H  The  three  following  general  propositions  present  those  phc-  Genowl  propo- 
■  nomcna  of  capiUary  attraction  which  arc  most  interesting  in  [i^^^pJiJJ!^'^ 
a  pbyaiologicol  point  of  view.  »nr«ction. 

lat.  If  the  force  <)f  attraction  of  the  particles  of  a  solid  for  those  of  a 
liquid  be  not  c«|uaI  to  /*/7//'the  cohesive  force  of  tlio  latter  for  each  other, 
the  lirpiid  will  refuse  to  pass  through  a  pore  of  that  solid  suhstance,  and, 
is  a  capillary  tube  consisting  of  it,  will  be  depressed  below  its  hydro- 
Static  level. 

2d.  If  the  fortM  of  attraction  of  the  particles  of  a  soUd  for  those  of  a 
liquid  exceeds  Art//"  the  cohesive  force  of  the  latter  for  each  other,  but  ia 
not  equal  to  tlie  whole  force,  the  liquid  will  pjias  through  a  jwrc  of  tluit 
solid  substance,  and,  in  a  cipillary  tube  of  it,  will  rise  above  its  hydro- 
static lovol. 

3d.  If  the  force  of  attraction  of  the  particles  of  a  solid  for  those  of  a 
Itqnid  exceeds  the  whole  cohesive  force  of  the  latter,  chemical  union  bo* 
twecn  them  enraea. 

It  would  not  be  consistent  with  the  plan  of  this  work  to  offer  a  dem- 
I  of  these  propositions ;  nevertheless,  they  are  capable  of  rigoi^ 
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ous  mathematical  and  physical  proof.  TIte  %*iewfl  I  am  here  presentng 
enable  os  to  include  tlie  pressores  between  solids  aud  liquidia,  the  rise  or 
depression  of  liquids  in  capillar}'  tubcs^  oud  the  phenomena  of  cbenic^ 
affijiitv  in  the  same  general  expression.  And  sucli  a  co-ordination  ist^ 
more  vnlunbic,  since  tlicro  has  boon  a  disposition  among  pkyaiologiata  to 
regard  tlic  introduction  of  material  through  the  pores  of  organized  textaw 
aa  dependent  on  some  iJl-detined  ur  mysterious  principle. 

The  phenomena  of  cndosmosis,  first  brought  to  goncr&l  notice  in  the 
EadcMnwU  case  of  liijuid  sulistanct's  by  M.  I>utrocliet,  may  be  explain- 
uHtcionDous.  ©d  OS  follows:  If  some  alcohol  be  placed  in  a  bladder,  tk 
neck  of  which  is  tightly  tied,  and  the  bladder  bo  sunk  in  a  vessel  of 
water,  a  percolation  ensues,  eo  that  the  bladder  distends  to  its  uttiKSt 
capacity*  and  might  even  be  burst.  Or,  which  is  a  Ijottcr  method  of 
showing  the  result,  if,  instead  of  tying  the  mouth  of  the  bladder,  a  gUa& 
tube-,  open  at  both  ends,  and  a  foot  or  two  long,  be  fastened  into  it  with- 
out Icakag^e,  as  the  water  introduces  itself  through  the  pores  of  the  Uail- 
dcr  to  mingle  with  the  alcohol,  the  liquid  rises  in  the  gloss  tube,  ssp- 
posed  to  be  left  in  a  rcrtical  position,  and,  when  it  has  reached  tjic  top  ot 

it,  overflows.  To  c.x]>rcs8  this  inward  pas- 
sage of  the  water  the  tenu  cndosmosis  w» 
introduee^l,  and  since  a  little  of  the  aloc^ 
simnltanoonsly  passes  outward  to  mix  witli 
the  wntiT,  it  is  said  to  exhibit  e-xosmosil. 

In  Fig*  40  is  represented  the  cndosmoBi^ 
ter  of  Outrochot.  It  consists  of  a  small  blad- 
der, a,  tightly  lied  to  a  tulte,  d-,  which  is  open 
at  both  ends,  and  bent,  as  seen  in  the  fignre 
at  c;  the  bladder  beuig  completely  filled  with 
alcohol,  and  the  tube  to  some  such  point  ss 
rf,  the  arrangement  is  to  be  placed  in  a  res- 
sr]  of  water,  e  e;  almost  imme<liatcly  the  Iwel 
of  tlie  liquid  will  be  seen  to  be  rising,  the 
bend  of  the  tube  is  reached,  and  one  drop  after  anotlier  falls  from  tJic  open 
end  into  the  glass,  b»  ^Viid  this  continues  until  the  Hquids  inside  and 
outside  of  the  bladder  arc  uniformly  commingled. 

It  is  to  be  regretted  tluit  the  terms  endosraosis  and  cxosmosis  have 
Tb***  mov*.  been  accepted  by  physiological  writers,  for  in  tlipse  results 
mt-nu  An  do-    tljcrc  is  iiolhiju'  more  than  wliat  we  should  exi>cct  from  the 

n<niilt*iiL  on  ca-   ,  -      -    T  i-  -n  •  mi  <• 

iiiiury  •ttra<>  known  prmciplcs  ol  cnpiJInry  attraction.  Ihe  pores  of  a 
**""•  bladder,  or  of  any  other  such  organic  texture,  are  nothing  but 

abort  capillary  tubes  into  which  water  readily  finds  its  way,  because  it 
can  wet  tlie  substance  stirroimding  the  pore.  If  the  bladder  Ijc  distended 
with  air,  and  sunk  under  water,  although  tlie  water  will  fill  the  pores,  it 
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not  exude  from  lliom,  and  nccumulAtc  in  the  interior  of  tlic  viscua^ 

[>r,  as  we  have  seen,  a  capillajy  tiiljc  can  not  cstabliah  a  continued  cur- 

Qt  or  flow,     Bttt  the  case  becomes  totally  different  when  the  bladder  is 

ttUed  with  alcohol ;  for  then,  as  fast  as  the  water  presents  itself  on  the  in- 

•ncr  end  of  the  pore,  it  is  dissolved  away  by  the  alcohol,  and  the  necessary 

Icondition  for  a  continuous  flow  is  complied  with.     Meantime,  tlirotigli 

he  pore  itself  a  little  alcohol  passes  in  tho  opposite  way  by  infiltrating 

itfaroagh  the  incoming  water,  provided  tliat  the  current  be  not  too  strong, 

so  endosmosis  of  the  water  and  exosmosis  of  the  alcohol  take  place, 

ItUc  current  of  the  former  greatly  preponderating  over  that  of  the  latter, 

and  on  accumulation  of  lir]uid  in  the  interior  of  the  bladder  ensues. 

That  in  all  this  there  is  nothing  specially  dependent  on  the  organic 
lextare  employed  is  obvious  from  the  fact  that  the  same  results  arise 
when  any  inorganic  porous  body  is  used.  Vessels  of  unglazcd  eartlicn- 
warc,  pieces  of  baked  slate  or  stucco,  answer  tlie  purpose  very  well,  ns 

(iaHII  also  a  glass  vessel  with  a  minute  Assure  or  crack  in  it. 
An  incorrect  representation  of  the  conditions  under  which  endosmosis 
takca  place  is  of\cn  made.     It  is  said  to  depend  on  tiie  relative  specific 
grsvity  of  the  liquids.     Thus  it  is  stated  that  the  lighter  liquid  always 
mores  toward  the  denser,  more  abundantly  than  tlic  denser  to  the  lijrlitcr, 
I  The  error  of  tliia  is  readily  shown  by  many  simple  iHuatrations.     Tims 
water  endosmoscs  equally  well  to  alcohol,  whicli  is  lighter  than  it,  and  to 
gum  water  or  salt  water,  which  are  he.tvier.     The  relation  of  spcafic 
gravity  has  uotliiug  witatever  to  do  with  the  action. 
The  force  with  which  a  Uquid  will  tlius  pass  tlirough  a  pore  to  mingle 
with  another  liqnid  beyond  is  very  great.     I  have  observed  p^r^^  anuMt 
these  motions  occurring  aeainst  a  pressure  of  many  atmos-  "*'^*^**  ^^^ 
phercs.  And,  indeed,  m  practice  we  have  no  means  ot  mcasur-  may  toko 
ing  its  actual  intensity;  for  when  a  pressure  of  a  certain  de-  P^'^ 
grec  has  accumulated,  hydraulic  leakage  takes  place  backward  through 
liie  pore,  and  conceals  the  true  action. 

From  tlic  jireceding  statements  respecting  capillary  attraction  and  cn- 
^smosis,  we  may  therefore  conclude  titat,  whenever  a  liquid  is  in  con- 
tact with  a  porous  body  the  substance  of  which  it  can  wet,  it  will  freely 
pass  into  the  pores  thereof,  and,  if  the  necessary  conditions  for  its  re- 
moval are  present,  will  percolate  or  transfuse  -with  very  great  mechanical 
power;  that  this  will  take  place  through  pores  that  arc  not  only  invis- 
ible to  the  eye,  but  imperceptible  by  tho  aid  of  the  microscope ;  that 
some  liquids  pass  thus  with  more  readiness,  some  with  less,  some  not  at 
all — the  result  in  these  respects  depending  on  the  electro-chemical  relu- 
tiona  subsisting  between  them  and  the  solid  they  arc  in  contact  with, 
and  their  own  force  of  cohesion;  tliat  organic  membranes  present  no 
uliahticSf  tbcir  action  arising,  not  because  they  arc  organic,  but  be- 
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eajoo  ihcy  an  porous;'  that  tbo  Bo-cnUod  selecting  power  ia  parelv 
y^  fl-  physical,  as  are  the  aeparaliona  and  apparent  drcomposi- 

tirtns  to  which  it  givoa  rise.  When  a  drop  of  colored 
water  19  put  npon  chalk,  tho  water  sinka  in,  bnt  the  color 
ia  left  on  tho  Buriace.  When  weak  alcohol  is  tictl  op 
in  a  bladder,  the  water  will  escape  tlu^ugh  tlio  pons, 
and  the  spirit  become  anhydrous  at  last. 

If  we  take  a  glass  tube,  a,  a,  J^i^,  41,  over  the  lower 
end  of  which  a  piece  of  peritoneum,  or  other  delicate 
membrane,  A,  ft,  is  tightly  tied,  and  half  fill  it  with  litmiu- 
water,  and  then  place  it  in  a  glass  of  alcohol,  e,  (?,  tho 
level  of  the  liquids  inside  and  outside  being  adjusted  ac- 
cording to  their  specific  gravity,  bo  that  tliere  may  be  no 
hydrostatic  pressure  either  one  way  or  tho  other  throngh 
tho  pores  of  the  peritoneum — as  soon  as  the  arrangenwnt 
ia  completed,  if  tho  observer  be  so  placed  as  to  vievr  itbr 
transmitted  light,  ho  will  see  tlic  water  descending  fiom 
the  pores  of  the  peritoneum  in  striir  and  streams  throngU 
»»*■  the  alcohol  in  a  j)crfcctly  colorless  state.  The  menibnuKif 
therefore,  has  absorbed  and  transmitted  the  water,  bat  has  refused  to 
the  coloring  matter  a  passage.  It  is  to  this  particular  experiment  that 
allusion  was  made  when  speaking  of  the  non-coloration  of  the  chyle 
when  certain  coloring  material  had  been  mixed  with  the  foo<l.  Such 
illustrations  may  therefore  satisfy  as  tliat  the  selecting  power  of  organic 
porous  textures,  like  that  of  inorganic  ones,  is  dependent  on  simple 
physical  circumstances,  and  for  these  reasons  I  exctudo  from  the  mech- 
anism of  animal  absorption  the  influence  of  any  vital  or  otlier  mysterious 
principle,  and  adopt  the  sentiment  of  the  Abbe  Ilauy,  tlmt  "those  ejiccioua 
causes  and  imaginary  powers,  to  which,  in  the  ^liddle  Ages,  all  natural 
jilienomena,  even  those  of  an  astronomical  kind,  were  referred,  but  which, 
throiigli  t!ie  genius  of  Xewton  and  Lnplaw,  have  been  banished  from  tlie 
celestinl  spaces,  have  taken  their  last  refuge  in  the  recesses  of  organic 
beings,  and  from  thcso  retreats  positive  philosophy  is  preparing  to  expel 
them." 

la  view  of  oil  the  preceding  facts.  I  therefore  regard  absorption  ty  the 
Samm^iT  of  blood-vesscls  as  taking  place  of  necessity,  because  of  the  po- 
tticniiniTOof  rous  structure  of  those  tubes;  for,  though  the  pores  may  be 
B  loriiuon.  ^^^  small  to  bo  discerned  even  by  microscopic  aid,  they  are 
abundantly  large  enough  to  i^rmit  such  a  percolation.  Whatever  ma- 
terial is  existing  in  the  chyme  in  a  state  of  solution  in  water  and  also 
soluble  in  tlie  blood,  passes  through  the  walls  of  the  vessels,  and  is  moved 
toward  the  li^-cr,  its  percolation  being  greatly  facilitated  by  the  onward 
motion  of  the  blood,  in  which  liquid  it  is  dissolved  as  fast  as  it  presents 
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tsclf.  TIic  tloublc  condition  here  specified  must  be  complied  with ;  the 
aatcrial  to  be  introduced  must  be  dissolved  in  water,  am!  must  be  sol- 
ible  in  the  blood.  IT  the  latter  condition  be  wantiug,  the  vessels  seem 
to  zaaoifest  a  selecting  power,  absorption  not  taking  place,  as  in  the  case 
pf  litmus,  presented  above  as  an  illustration — a  coloring  mnttcr  wliiclif 
though  soluble  in  water,  is  not  soluble  in  alcohol,  and  so  can  not,  under 
liosc  circumstances,  pass  tlu-oygb  a  piece  of  bladder, 

Wijilo  thus  there  is  an  introduction  of  digested  material  from  the  stom- 
ach and  intestine  into  the  blood,  the  physical  principles  which  are  guid- 
ing as  in  our  cscplanation  teach  us  tliat  there  must  be  a  percolation  of 
the  more  watery  portions  of  tlie  blood  in  the  opposite  direction — that  is, 
into  llio  digestive  cavity.  There  is  every  reason  to  believe  that  this 
lotntiou  is  to  a  far  greater  amount  tlian  is  generally  supposed.  Under 
bcrtain  circumstances,  it  is  a  matter  of  ordinary  observation  that  the  wa- 
ter disciiorgcd  from  the  intestine  is  moro  in  quantity  than  that  which  has 
>Gcn  taken  as  drink. 

Ttiniing  our  attention  now  to  the  course  wliicli  is  followed  by  the  liq- 
uid which  has  l)ccn  introduced  from  tiie  digestive  cavity  „  ,  . 
[nio  tbo  blood-vcsscls,  wc  must  bear  in  mind  that  the  con-  ibwrb«<int*ie- 
lent  of  those  vessels  is  composed  of  two  dislinct  jiorlions,  JJ*.  !°Jii^cm- 
^c  umtlcT  tlms  recently  introduced,  and  tho  original  venous  *>on!i  ii  uuder- 
These  together  make  thcur  way  through  tiie  portal  ^^*' 
the  liver,  a  gland  of  double  function,  and,  as  we  may  Siiy  in  tliis 
of  double  structure;  for,  though  it  has  a  duct  tor  the  disposal 
if  tiie  products  which  arise  from  its  action  on  one  portion  of  the  material 
us  brought  to  it,  the  venous  blood,  it  is  ductless  as  reganls  the  other 
rtion,  which  has  been  received  from  the  digestive  cavity.  This  jwrtion, 
oodrr  the  infiuenoe  of  the  cell  structure  of  the  liver,  undergoes  profound 
modification ;  for  instance,  liver-sugar  makes  its  appearance,  though  none 
existed  before.  It  is  not  necessary  for  as  to  specify  these  changes  par- 
tifiiUriy  here,  since  wc  shall  have  to  ej^aminc  tliem  more  in  detail  in  a 
sabaeipient  cliaptcr;  but  it  may  be  obscned  that  tlic  anatomical  jic- 
coUarity  of  tlie  Uver  in  this  branch  of  its  duty  is,  that  it  simply  impresses 
a  cKange  on  the  compounds  tiius  brought  to  it,  gives  rise  to  no  excretions, 
and  therefore  lias  no  channel  or  duct  of  escape,  unless  indeed  we  say,  as 
we  ore  actually  jaslitie<l  in  doing,  that  tho  hepatic  veins  themselves  aro 
the  ducts  of  tlie  Hvcr  in  this  rei<pcct. 

Though  it  does  not  strictly  appertain  to  llie  subject  of  which  we  are 
now  speaking,  absorjition,  we  may,  for  the  sake  of  complctciicss,  describe, 
in  a  superficial  manner,  what  occurs  to  the  other  constitmuit  of  the  porlid 
blood,  it«  proper  venous  portion.  This,  brought  into  tho  liver,  is  acted 
ujion  by  that  organ  and  decomposed  into  two  portiuns,  one  of  which,  con- 
stiluiiiig  the  bile,  is  brought  back  eventually  through  tho  proper  bile  duct 
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into  the  intcstixKN  Tltc  otber  is  carried  into  titc  blood  circulation.  I  be- 
lieve tliat  this  separation  is  of  a  purely  ph}*aical  kind,  and  is  aocomplisln 
ct\  by  mere  iHtxation,  the  dements  of  the  bile  all  pre-existing  in  the  Wo 
rionever  that  may  Ijc*  the  separation  in  a  chemical  sense  is  vcr>'  dia 
for  the  Ditrogcoi^ed  ingredients  are  saved  to  the  system,  and  carried  inlo 
the  general  circulation  tJin>ugIi  the  bc]Kitic  veins ;  but  the  biliary  inatc- 
Hetiirn  itf »  '^"'^  brought  back  into  the  intestine  is  a  hydrocwlton  tinctiiwl 
pan  le  Un  with  a  little  coloring  matter,  which,  being  on  a  rapid  career  of 
**"**  *  rctroprado  mctamorjihosis,  ia  prono  to  act  as  a  fennont,  ud 
therefore  ujifit  to  remain  in  the  system ;  accordingly,  it  ia  removo<l  with 
the  excrement.  The  other  portion,  the  hydrocarlxtn,  whicli  baa 
bronglit  into  the  intestine,  is  not  yet  done  with ;  advaiitagtHUis  use  can" 
still  Ix*  niadn  of  it.  It  can  aid  tn  the  intnxluction  of  fnt.s  llirough  tin 
villi  into  tlic  tactrals,  and,  from  its  comlnistible  nature,  is  of  an  equal  valne 
to  the  system  Tunth  the  oils  it  tlius  helps  to  introduce.  Wc  may  ndvnn- 
tagcously  trace  tlic  course  whicli  it  follows,  for  in  so  doing  we  shall  com- 
plete our  description  of  the  function  of  absorption  in  its  most  geneni 
sense. 

The  fat  matters  which  have  been  subdivided  inlo  portions  of  mimv 
ManticTof  scopical  minutcness,  small  globules,  each  of  which  is  coatcil 
■ciiooof  over  with  a  dcHcate  film  of  albumen,  and  all  brought  therefore 
*  ^  into  the  state  of  an  emulsion,  can  make  their  way  by  reason  of 
the  peculiar  properties  of  the  investiture  which  thus  covers  them  through 
tlic  pores  of  the  villi  into  the  lacteaL  For  my  own  part,  I  do  not  believe 
that  tlicre  is  any  passage  through  the  epithelial  colls,  but  that  it  ia  en- 
tirely interstitial,  and  that  it  is  not  unlikely  that  the  hiliary  constitnent 
aids  in  this  progress.  It  signifies  nothing  that  the  spaces  through  which 
the  fat  globules  have  to  go  are  less  than  their  own  dismetcr;  they  can 
elongate  into  worm-like  forms,  just  as,  under  tlic  SHmc  circumstances, 
bloocl-ccUs  can  do,  and,  the  moment  they  reach  the  cavity  of  the  lacteal, 
rcassumc  their  sphericity  by  reason  of  their  crtheaion.  The  albumen 
that  now  accompanies  them  in  llic  liquid  form,  us  the  other  chief  ingre- 
dient of  the  chyle,  comes,  for  the  most  part,  from  the  bloo<M*cssel9  of 
the  villi.  The  chyle  moves  onward  to  tho  mesenteric  glanda,  and  makes 
its  passage  through  them  cither  in  naked  tubes  or  through  their  pulpy 
structure,  is  submitted  to  celt  action  and  to  arterial  blood,  undergoes  the 
morphological  clianges  which  Iiave  been  described  in  tlie  preceding  chap- 
ter, and,  gaining  the  thoracic  duct,  ia  brought  into  tlio  general  circula- 
tion. 

In  the  description  licrc  offered  of  the  function  of  absorption,  the  agen^ 
cy  of  pliysicftl  forces  alone  has  been  considered,  and  these  I  conceive  to 
be  abundantly  sufiicient  to  enable  us  to  account  for  nil  the  phenomena. 
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OF  THE  BLOOD. 

TV  QiJEou  tmd  Rthtion  q/"  Bfiml  in  the  Systfm.—  The  Pltvana  and  OHn.—Cmeral  Propfrties 
ibkI  C^mjtotiiim  of  the  lilood.- — (.^Minttl^  in  the  Bodi/. — Coa^tntion. — Itlood-rtJU. — ■Their  tuc- 
eeaweeFoHM. —  Theper/ttt  Celt — Htntatim  iU  Propertia. — Sumlrrr  of  Biond'TrUM. — IHas- 
mn:  ita  Chmfioatitm,  ami  yanatioit  5/'  itM  IwjrtdienU. — .4 fluiwM,  Fibrin,  Fat,  Sm/ar. — J/w- 
erat  fntftftKcntx  t^the  Ctllx  (fut  Plaxmo  mrnjiurrti. — (iatfs  of  the.  BkufL — Cfumrjrx  ocrtirriiiff 
timnag  the  Cimihtion. —  (JcHtral  FtutctioM  <{f  the  tUffrrtat  Intjrtditntg  oftheBiood. — ItttrodtK- 
«w»  q/*  Osyjai  b>f  the  (XtU. — Thdr  tratattut  Duration. 

It  is  necessary  for  the  functional  activity  of  every  organized  Leiug  that 
ihcrc  Kimll  circulate  through  all  {larta  of  it  a  nutritive  iiqiiicL  In  plants, 
it  is  the  sap;  in  nnimals,  llic  lilootl. 

Since  the  life  of  plants  mnnifesta  itself,  for  the  most  part,  in  a  purely 
formative  result,  and  involves  little  or  no  destruction  of  parts,  ti,«  i,1o«I:  its 
the  circulating  current  ia  tievotcd  almost  entirely  to  nutrition,  fu'iciion*. 
iJut  in  animals,  whose  conditions  of  existence  involve  extensive  and  un- 
ceasing ilcstnietion,  the  current  U  burdened  with  another  duty.  It  is 
also  the  means  of  removal  of  ilying  or  wasted  portions. 

In  the  first  chapter  it  was  shouTi  that  about  a  ton  and  a  half  of  mate- 
rial is  required  by  a  man  in  the  course  of  a  year,  and  that  In  introdadion 
tlie  ifmne  jjeriod  a  like  amount  is  removed  from  the  system.  m„'l"™i7,v'(he 
When  we  reflect  that  the  introduction  and  removal  of  this  tlooii. 
immense  mass  is  accomplished  through  the  agency  of  the  circulating 
blood,  it  is  ob^ns  that  tliat  lluid  must  be  undergoing  the  most  rapid 
changes.  The  rapidity  with  wliich  dying  matters  arc  removed  is  strik- 
ingly illustrated  by  the  niinuie  extent  to  which  they  are  permitted  to  ae- 
cnmnlate  in  a  hcidtliy  state.  These  elements  of  decay  are  strained  off 
or  exhaled  as  quickly  as  they  arise.  That  fancied  power,  the  *"  vis  med- 
icatrix  natural, "  is  only  an  ideal  exiiressJon  of  tlie  perfection  witli  whicli 
the  various  elimuiating  mechanisms  work.  Poisonous  agents,  whether 
they  Ilivc  been  introduced  from  without  or  have  originated  from  morbid 
actions  within,  like  all  other  useless  or  noxious  products,  find  their  prop- 
er channel  of  escape,  and  the  system  will  thus  rid  itself  of  intoxicating 
liquids  and  narcotic  drugs  if  their  quantity  does  not  exceed  tlie  amount 
that  it  can  destroy  or  excrete  in  a  special  jxjriod  of  time. 

Considered  in  its  relation  to  nutrition,  the  circulating  liquid  presents 
many  interesting  aspects.  Eacli  of  the  thousand  variously-constituted 
ports  of  the  body  is  withdrawing  the  supplies  it  needs:  the  muscular,  tho 
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interconncc-  nervoos,  the  cartilaginoQS,  the  bony ;  and  hence  there  arises 
thro^'^h'thu^  ^  general  balance  in  the  system,  each  part  *n«t^iTig  its  demand 
ctrcuiatioD.  at  a  Certain  rate,  and  each  observing  a  complementary  »> 
tion  to  all  the  rest.  Many  of  those  phenomena  which,  in  the  infanc)'  of 
physiology,  were  r^arded  as  instances  of  sympathy  between  difTerent 
ports,  arc  clearly  dependent  on  these  conditions ;  for  the  development  of 
one  part,  by  abstracting  special  material  from  the  circolating  liquid,  po^ 
mits  the  co-ordinate  development  of  another,  or  perhaps  puts  a  stop  to 
it.  The  minutest  portion  of  the  mechanism  is  thus  indissolably  coo* 
ncctcd  with  all  the  rest  through  the  medium  of  the  blood. 

Seen  as  it  circulates  in  the  vessels,  the  blood  consists  of  a  colorless 
Tbe  plumft  ^^tud  Containing  corpuscles.  In  man,  some  of  these  corpuscles 
and  cells,  are  white  and  others  red.  To  the  liquid  in  which  they  float, 
the  designation  of  the  plasma  is  given ;  the  colored  corpuscles,  &om  tiieir 
Properties  of  shape,  are  called  discs  or  cells.  Tbe  specific  gravi^  of  the 
the  blood.  blood  varies  from  1.050  to  1.059,  the  variation  being,  to  a  con- 
siderable extent,  duo  to  variations  in  the  quantity  of  the  cells.  The 
temperature  is  about  100°  Fahr.,  the  reaction  always  alkaline ;  there  is 
also  a  faint  sickly  odor,  which  differs  in  different  animals.  The  capacity 
of  blood  for  heat  is  in  direct  proportion  to  its  density.  The  cells  give  to 
the  blood  its  tint  of  color,  and  this,  in  the  systemic  arteries,  is  crimson,  in 
tlie  veins,  deep  blue.  However,  the  color  of  arterial  blood  depends  con- 
siderably on  tlic  condition  of  respiration.  An  imperfect  introduction  of 
oxygen,  as  in  hot  climates,  causes  the  arterial  blood  to  assume  a  dark  coIot, 
and  the  same  is  observed  when  chloroform,  ether,  or  diluted  irrespirable 
gases  arc  breathed.  The  blood  of  the  male  sex  is  heavier  than  that  <^ 
the  female. 

Constitution  of  the  Bhod. 

Water 784.00 

Alborocn 70.00 

Fibrin 2.20 

(Globulin 12S.60 

^"^        iHffimatin 7.C0 

/  Choleslcrine 0.08 

I  Cerebrine 0.40 

J  Serolino 0.02 

I  Oleic  and  margaric  acid  ^ 

Volatile  and  odorous  fatty  acid  >  0.80 

.  Fat  containing  phosphorua  y 

fCblorido  of  sodium 8.C0 

Chloride  of  potassium 0.S6 

Triba^ic  phosphate  of  soda 0.20 

Carbonate  of  soda...., 0.84 

Sulphate  of  soda 0.28 

Phosphates  of  lime  and  maf^esia 0.25 

.Oxide  and  phosphate  of  iron 0.50 

Extract,  salivary  matter,  urea,  biliary  coloring  >  _  .  _ 

matter,  accidental  substances  \ 

1000.00 


Fats 


Salts 
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Carbon DIO.SO 

Ilytlrn^n Tl.TO 

Kiinipi^n Ifi0.70 

Oxygen t... 218.00 

ABlum ■     4<.20 

1UUU.U0 

lis  tabic  leads  to  the  liypollictica]  formula  of  the  uJtimate  constitu- 
ioii  of  blood  I 

As  to  the  quantity  of  Unod  in  tlic  circulation,  it  has  been  variously  cs- 
inuted.  It  may  perhaps  be  taken  at  one  eighth  of  the  weight  Qy„ntj,_pj 
f  the  body,  a  number  which  is  agreed  upon  by  several  authors*  biowi  in  tbe 

id  in  support  of  which  Lehmaim  mentions  tho  following  in-       ^' 

resting  observation :  '*  ily  friend,  K.  \\'ebcr,  determined,  with  my  co- 
pcratioD,  the  wciglits  of  two  criminaLs  before  and  after  decapitation.  The 
Bnntity  of  blood  which  escaped  from  the  body  was  determined  in  tho 
kllowing  manner :  "Water  was  injected  into  the  vessels  of  tlic  trunk  and 
ead  until  the  fluid  escaping  from  tho  veins  had  only  a  jxilc  red  or  ycl- 
Dw  color.  The  quantity  of  blood  rcmaimng  in  the  body  was  then  calca- 
Medby  instituting  a  com]Miri.«on  between  tlicsolidrcsidncof  this  pale  red 
qocous  fluid  and  tliat  of  the  blood  wliich  first  escaped.  By  way  of  illus- 
ntion,  I  subjoin  the  results  yielded  by  one  of  the  exjreriments.  The  living 
©dyofoneof  the  criminal?  wciglicd  ti0,140 grammes;  and  the  same  body, 
^a  the  decapitation,  54,000  grammes;  coiiseqiicntly,  0540  grammes  of 
^^H  bad  escaped.  28.500  grammes  of  this  blood  yielded  5.3G  grammes 
Rolid  residue;  60.5  grammes  of  sanguineous  water  collected  after  the 
BJectiou  contained  3.724  gratumes  of  solid  substances.  6050  grammes 
f  the  sanguineous  water  that  returned  from  tbe  veins  were  collected,  and 
facse  contained  37.24  grammes  of  solid  residue,  wliich  corrcsiionds  to 
980  grammes  of  blood;  consequently,  the  body  contained  7520  grammes 
(f  blood  (5540  escaping  in  tlie  act  of  decapitation,  and  1980  remaining  in 
he  body);  hence  tbe  weight  of  the  whole  blood  was  to  that  of  the  body 
■early  in  the  ratio  of  one  to  eight.  The  other  experiment  ^-ieldcd  a  pre- 
iiBcly  similar  result," 

A  short  time  after  it  has  been  drawn,  the  blood  undergoes  coagulation, 
ititl  is  then  said  to  be  composed  of  the  serum  and  the  clot.  Sponijuwoa* 
n  ibia  state  it  ia  sometimc-s  sjwken  of  as  dead.     Tbe  phiania  i!I,','„'^J^ 
if  lining  blood  difiers  from  the  .scrum  of  dead  in  containing  doi. 
ibrin. 

The  coagnlation  of  the  blood  commences  within  abont  ten  minutes 
ifter  it  has  been  drau-n,  and  the  clot  undergoes  a  subsequent  th*  cnajfui*. 
iring  one  or  two  days.     To  understand  the  »'«'»' blooJ. 
nature  of  this  singtilar  change,  we  may  conveniently  regard  the 
H 
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COAGULATION  OF  THE   BLOOD. 

liTUig  blood  as  containing  tlircc  leading  constituents — on  aI\niniinoiu  li^ 
uid,  tibrin  dissolved  therein,  and  the  cells.  The  coagulation  ari«ea  (rom 
the  tendency  of  the  fibrin  jMirticIcs  to  agglutinate  together.  As  tbis  takes 
place,  the  colls  arc  caught  in  the  meshes  of  tlic  network  that  arisea,  anj 
a  voluminous  rod  clot  is  the  result.  So  the  serum  of  dead  blood  oon- 
tains  no  fibrin,  and  ditfcrs  from  tlic  plasma  of  bving  blood  iu  that  impor- 
tant particular. 

It  has  been  observed  that  exposure  to  cold  retards  coagulation,  as  docs 
likewise  tlic  absence  of  air,  or  covering  tlic  blood  over  with  a  Kim  of  ol 
The  condition  of  rest  promotes  it,  as  also  docs  the  presence  of  rough  or 
angular  bodies.  Blood  will  yield  up  its  fibrin  readily  when  stirred  with 
The  bufl>  n  stick.  When,  for  any  reason,  the  cells  sink  more  rapidly  ihsa 
vmL  usual  from  the  surface  of  the  blood,  the  tibrin  of  the  supcnutant 
portion  coagulates  alone,  giving  rise  to  a  stratum  free  from  tlic  red  color, 
and  dcsignatcil  the  buffy  coat,  and  on  tlie  suWcquent  contraction,  since 
there  are  no  cells  to  hinder  tho  librin,  its  parts  upon  this  stratum 
drawn  more  closely  together,  and  the  clot  becomes  cupped. 

By  those  who  accept  tigurativc  expressions  as  an  explanation  of  ph; 
ExpltoBtionor  iological  facts,  tJic  coagulation  of  the  blood  is  said  to  be  d 
«»*iE»J«tioo.  |(j  j(g  death ;  some,  however,  have  regarded  it  as  an  abortive 
attempt  at  organization,  and  therefore  a  manifestation  of  Ufo.  Such  con* 
tradictory  explanations  lose  much  of  their  interest  when  we  examine  the 
facts  of  the  case  critically.  I  believe  that  nothing  more  tikes  place  ia 
blood  which  has  been  drawn  into  a  cup  than  would  have  taken  place  had 
it  remained  in  the  body.  In  either  case  the  fibrin  would  have  equally 
coagulated.  The  entrapping  of  the  cells  is  a  mere  accident.  The  hourly 
demand  for  fibrin  amounts  to  62  grains ;  a  simple  arithmetical  calcnlati<m 
will  show  that  the  entire  moss  of  the  blood  would  be  exhausted  of  all 
the  fibrin  it  contains  in  about  four  hours,  so  that  the  solidification  of 
fibrin  must  be  taking  place  at  just  as  rapid  a  rate  in  the  system  as  after 
it  hag  been  withdraw^l.  No  clot  forma  in  the  blood-vcascls,  because  the 
fibrin  is  picked  out  by  ttic  muscular  tissues  for  their  nourishment  as  fast 
88  it  is  presented,  nor  would  any  clot  form  in  a  cup  if  we  could  by  any 
means  remove  the  fibrin  gramdcs  as  fast  as  tlicy  solidified.  JM 

That  blood-fibrin  ditfers  from  muscle-fibrin  in  certain  reajiects  is  1o  b^fl 
admitted,  but  it  does  not  follow  that  blood-fibrin  is  in  a  condition  of  ret- 
rograde metamorpliosis.     It  may  reijuire  modification  before  it  can  be 
received  as  tlie  syntonin  of  muscles,  but  that  such  a  conversion  actualh^^ 
takes  place  I  tliink  there  can  be  no  doubt.  ^| 

In  entering  oti  a  detailed  examination  of  the  constitution  and  func- 
tions of  the  blood,  our  attention  will  have  to  be  directed,  in  the  first 
place,  to  the  ocUs.  It  is  sufficient  to  arrest  our  thoughts  at  once  when 
wo  learn  that  for  eveiy  beat  of  the  pulse  nearly  twenty  millions  of  these 
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organuma  die !     Physiology  has  ita  possiug  wonders  r.s  well  as  astron- 
omy. 

In  the  lil'e  of  man  there  are  (hrcc  periods  distinguished  firom  each  other 
hy  the  nntore  or  structure  of  the  blood-cells.  Those  of  the  g 
first  period  originate  sunultaneoiiHly  with,  or  even  previously  nns  of  l^tood. 
to,  the  heart.  These  are  sometimes  desi^ated  as  emhrj'O 
cells,-aiid  in  that  view  bear  the  same  relalion  to  tliosc  of  the  second  pe- 
riod as  lio  tlie  I^Tnph  coquisclcs  to  those  of  the  third.  They  are  color- 
less and  spherical  cells,  containing  granules  of  fatty  material,  and  having 
a  central  rmclcus.  These  are  developed,  by  a  process  of  internal  deli- 
qnnsopnce,  into  cells  of  the  second  period,  which  have  actpiired  a  red  col- 
OT,  and  in  o\*ipnrou3  vertebrates  an  elliptical  form,  though  in  man  they 
•re  cinmlar.  They  are  flat  or  disc-like  in  shape,  liavc  a  diameter  of 
about  I  j^n  of  an  inch,  with  a  central  nnclens  of  half  that  size.  Somc- 
\xaxA  they  appear  to  undergo  multiplication  by  division  of  the  nucleus. 

These  cells  of  tlic  second  period  are  replaced  by  those  of  the  third,  the 
L|mi?ition  being  clearly  connected  with  the  production  of  lymph  and  chyle 
'tttpQsclea.  By  the  end  of  the  second  month  of  fcctal  existence  the  re- 
placement is  complete,  and  the  class  of  cells  or  discs  that  has  now  arisen 
is  continued  during  life.  The  mode  of  their  production,  according  to  Mr. 
Paget,  is  this.  The  chyle  or  lymph  corpuscle  loses  ita  granular  aspect, 
and  acquires  a  pale  rcl  color,  which  gradually  deepens ;  the  corpuscle  be- 
comes smooth,  loses  its  spherical  form,  and,  condensing,  takes  on  a  con- 
vex lenticular  shape,  and  eventually  a  bi-concave.  While  this  change 
of  structure  is  going  on,  the  s{)ccific  gra^nty  increases  tlirough  the  con- 
densation, and  the  development  closes  by  the  spherical,  white,  granular, 

aph  corpuscle  becoming  a  red,  bi-concavc,non-nuclcatod,  circular,  small, 
heavy  blood  disc. 

The  cell  of  the  first  jvriod  is  therefore  spherical,  white,  and  nucleated ; 
that  of  the  second,  red,  disc-shaped,  and  nucleated ;  that  of  tlie  third,  red, 
disc-shaped,  bi-concavc,  and  non-nnclealed. 

The  primordial  cell  advances  in  development  to  different  points  in  dif- 
9t  orders  of  living  beings.  The  blood  of  invertcbratcd  DevefeiimeDt 
nals  contains  coarse  granule  celli*,  which  pass  forward  to  J^^h^^^^ij 
the  condition  of  the  fine  granule  cells,  and  reach  the  utmost  Kriea. 
perfection  tliey  are  there  to  attain  in  the  colorless  nucloatpd  ceJl  of  the 
fii»t  period  of  nmn.  In  oinparous  vertebrated  animals  tlie  deveJopmertt 
i«  carried  a  step  farther,  the  red  nucleated  cell  arising,  and  in  them  it 
stop^  at  this,  the  second  jteriud.  In  niammals  (he  third  stage  is  reached 
in  the  red,  non-iuiclealed  disc,  which  is  therefore  the  most  perfect  form. 

This  perfect  form  of  blood  cell,  as  it  occurs  in  man,  may  be  described 
as  presenting  a  tiatteiied  shape ;  the  bright  spot,  which  is  sometimes  seen 
in  tlu»  ec-nlre.  arising  from  a  refraction  of  light  due  to  the  form  of  tho 
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CnOCUUl  AND  ELUmC  CELLS. 


disc  and  not  to  &  nucleus.  The  sac  of  eacli  disc  is  eksttc,  so  that  it  c&n 
rroMrrtioi  and  ^  swollcu  l>_v  watcT  UfltU  it  bccomes  coHvex  OF  cvch  globu- 
►Ue  or  Uo  jwr-  lar,  or  hy  immersion  in  thick  airup  may  be  made  to  sbriiik, 
effects  arising  ^m  tlie  endosmotic  infiltration  or  cxndatioD 
through  ita  wall.  When  passing  through  tlie  6nc  capillaries  in  the 
cour»c  of  tho  circulation,  the  cell,  by  reason  of  tins  claaticitVt  can  miLc 
it^  way  through  very  difficult  passages,  extending  itself  into  a  cylindroid 
form,  or  by  bending,  but  it  recovers  its  original  sha^tc  as  soon  as  relieved 
irom  pressure     The  average  diameter  of  the  cell  is  estimated  at  ^^Vc  ^ 
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an  inch,  the  c:&tremcs  b»ng  y;^>  and  -jt^ 
The  thickjiess  of  llic  cell  is  about  i^^-^  (if 
an  inch.  The  cell  owes  its  color  to  hffnia- 
tin,  wliich  exists  in  its  interior  in  a  state  of 
solution,  and  associateil  witli  globulin. 

The  facts  mentioned  in  the  preceding  par- 
agraph arc  illustrated  by  the  annexed  en- 
graved  photograplis.  ^ig.  42  represents  hu- 
man blood-ccUs.  Their  form  is  circular:  they 
hare  a  central  depression,  but  no  naclens. 

J'^ig.  43  represents  the  elliptic  nucleated 
blood-cells  of  the  frog,  with  here  and  ther&i 
J'^iQ.  44  represents  the  cndosmotic  action  of 
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water  on  these  cells.  Fuj.  45,  the  action  of  acetic  acid  in  darkening  or 
concentrating  the  nuclcns.  In  Fig.  40  wo  have  an  illustration  of  the 
size  and  appearance  of  the  blood-cell  in  a  reptile,  the  photograph  from 
which  this  figure  Has  taken  luivliig  been  niado  under  tho  same  magni- 
fying power  OS  that  employed  in  obtaining  the  photograph  of  haman 
Uood. 
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The  maiinnals  In  which  tlie  hlocxl  cor|iuRdes  are  not  round,  but  cLUp- 
ttc  and  bi-convcx,  arc  the  conicl,  tlic  dromednr}^,  and  tho  llama.  In 
birds  and  amphibia  they  arc  ovah  The  difference  in  the  shape  and  size 
of  these  celU  19  of  the  more  importance,  since  observations  and  mcasure- 
loents  by  the  microscope  may  lead  ua  to  a  correct  reference  of  a  sample 
of  blood  to  ita  ori^ii  whcu  chemical  analysis  would  aftbrd  us  no  assii^t- 
wice.  It  is  not  to  Iw  forj^otten,  however,  tJiat  botli  in  size  and  form  a 
blood-ceil  undergoes  changes  according  to  unequxd  pressures  y  -  .r  , 
cierled  hikiii  it,  or  to  the  physical  circumsf imces  imdcr  which  ibe  fomt  of 
il  is  placed,  liquid  readily  finding  its  way  into  its  interior  or  *' 

cswUng  therefrom  according  to  the  lawa  of  endosmosLs,  the  elastic  sao 
perfectly  accommodating  itself  to  these  changes.     As  a  consequence  of 
these  modifications,  there  will,  ofcourse,  follow  variations  of  s|>ccific  grav- 
ity in  the  cell,  tUffercnces  in  its  tendency  to  sink  in  tlie  plasma  which 
unds  it,  and  also  differences  in  its  tint  of  color. 
"^y  Mr.  Wiiarton  Jones,  the  colored  blood-disc  of  the  mammalian  is 
rcgxrded  as  bebig  homologous  with  the  nucleus  of  the  color-  ..        .j^ 
leu  corpuscle  of  the  same  blood,  and  it  may  therefore  be  tiiMc  i>  a  cviiw- 
spokcn  of  as  a  free  cellwform  nucleus,  the  cell  itself  having  '"""  ""*^*'**- 
deliquesced  or  become  disintegrated,  and  the  nucleus,  filled  with  globulin 
and  coloring  matter,  remaining. 

The  cdl  wall  of  the  Llood-cclls  is  generally  admitted  to  be  fibrin,  or 
KMDe  substance  allied  thereto ;  but  there  has  been  much  dif-  v.m«,of  ij.- 

Ifcrencc  of  opinion  respecting  the  constitution  of  the  nucleus  wii  walliuid 
of  those  cells  whicli  possess  it.     By  some,  this  also  has  been  "    *"*■ 
re^rded  ^  fibrin ;  by  others,  as  fat ;  and  by  others,  as  a  species  of  horn, 
to  which  the  designation  of  nneleine  has  been  given. 
The  cell  wall  of  the  while  corjmsclcs  does  not  appear  to  be  elastic 
It  is  visdd,  and  hence  these  bodies  tend  to  agglutinate  with  one  another : 
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Soorco  of  iron. 


in  aspect  it  is  granular.     The  contents  appear  to  be  an  albaminoos  sen 
lution.  in  which  fine  granules  are  euftpended. 

Though  1VC  have  described  the  mesenteric  glands  as  tJic  original  place 
of  fumiation  of  the  Uood-ocUs,  it  is  to  bo  nndcr^itood  thai 
theao  become  perfected  in  ibc  drculation  of  the  blood ;  and 
from  what  ivill  be  said  respecting  the  function  of  the  li^'er,  it  may  lie  in- 
ferred that  that  gland  is  the  scat  of  a  most  important  change :  therr 
probably  they  receive  their  iron.  That  no  special  organ  is  cxc1u«vcIt 
charged  with  the  duty  of  forming  them  appears  from  thia,  that  the  first 
form  of  blood-celU  arises  in  the  genniual  &rva  of  the  embryo  when  there 
is,  as  yet,  no  ghind. 

Otmpomiiim  ^Bhod-eeUt. 

TVntcr C89.00 

HcmBtia  (iiictudiug  inm) 16.7fi 

Olobulia  aodccU  mcmbnao «  28S.23 

Tat J.ai 

ExtncUre S.00 

Uiaent  nUtiuioQe »,»      8.18 

lOUO.OO 

Leaving  (ho  water  out  of  consideration,  the  predominating  inj^redients 
of  blood-coUs  arc  therefore  globulin  and  hivniatiiL.  The  former  is  a  sub- 
gtance  approaching,  in  properties,  to  casein,  or  pcrhajw  intermediate  be- 
tuecu  casein  and  albumen.  Its  constituents,  as  determinod  by  an  olti- 
matc  analysis,  are  the  same  as  in  the  case  of  tliose  bodies. 

Ilamtatin  is  distinguished  by  its  rod  color.  When  isolated,  it  e^ibits 
Ounirea  ofwii-  ^^^  cliangcs  of  tint  characteristic  of  ortcrialiKation  in  a  doubt- 
er dapcnding  fij  manner.  There  arc,  however,  many  facta  which  lead  to 
ibc^oimorti)«  *he  supposition  that  the  color  of  arterial  and  venous  blood 
cell*-  docs  not  depend  so  much  on  a  chemical  cliango  in  the  hccina* 

tin  as  on  an  alteration  of  tlic  figure  of  the  discs.  ^_ 

The  constitution  of  hfematin  is  C\^,  lU,,  N,,  O^,  Fe.  It  exists  tuii^H 
Propertietof  *^*o  foHus,  soiublo  and  coagulated.  It  has  hitherto  been  stnd-  1 
^■***"***^  icd  only  in  the  latter  state,  and  is  soluble  in  weak  alcohol  1 
acidulated  with  sulphuric  or  hydrocldoric  acid,  but  not  in  water.  Its  , 
solution  is  therefore  precipitated  by  tlie  addition  of  tliat  liquid.  In  weak 
solutions  of  alkalies  it  re.itbly  di.^solves.  Formerly  its  characteristic  red 
color  was  attributed  to  the  iron  it  contains,  but  that  metal  may  l>e  en- 
tirely removed  from  it  without  changing  its  tint.  The  amount  of  iron  it 
yields  is  alx)ut  seven  per  cent. 

Ila-matin  occurs  in  tlic  blood-cells  associated  with  globulin,  and  would 
seem  to  owe  itij  origin  to  the  action  of  the  wall  of  the  cell,  i£  it  be  true 
that  the  red  cells  originate  from  the  white  ones.  In  this  formation  of 
Jiieroatin  tliero  are  several  reasons  which  lead  us  to  infer  that  fat  takes 
An  essential  share. 
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The  rcmarkalilc  feature  m  tlie  composition  of  Oils  body  is  the  large 
quantity  of  iron  it  contains.  The  percentage  amount  of  this  i,oa  in  Uie 
metal  in  the  blood  of  the  foetus  is  much  greater  than  in  that  of  '=*^*'* 
the  mother.  After  birth  the  proportion  declines,  but  it  rises  again  at 
puberty.  These  variations  in  the  amount  of  the  iron  arc,  however,  de- 
pendent on  coTTcsponding  variations  in  the  amount  of  cells. 

The  importance  of  the  remark,  when  we  arrive  at  the  study  of  the 
Inlet  justifies  ns  in  repeating  tlmt  the  iron  of  the  blood  1x>Iongs  to  the 
luBmatin  of  tlio  cells,  its  percentage  proportion  varying  with  tlieir  condi- 
tiofit  and  also  with  the  region  of  the  circulation  from  which  they  liavc 
been  drawn.  As  derived  from  different  animals,  the  cells  present  dilfcr- 
cnt  quantities  of  this  metal.  Thus  Schmidt  found  in  100  parts  of  dry 
^>lood-cclU  in  man,  0.434b ;  in  the  ox,  0.609 ;  in  the  pig,  0.448 ;  and  in 
the  hen.  0.B20. 

The  ci>'staUino  substance  of  blood  occurs  under  three  different  forms, 
in  prism.s,  tctrahedra,  and  hexagonal  tablets.     In  the  pris-  „       ... 
ttutic  form  it  is  derived  from  human  blood,  that  of  fishes,   nuuuoooof 
^nd  of  some  mammals;  in  the  tctralicdral  form  it  is  obtained 
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5oni  Guinca-pig«,  rats,  and  mice ;  in  the  hexagonal  fonn,  from  squir^ 
tU.  Blo*)d-crT8tal3  are  of  a  red  color,  ^-ithout  smell  or  taste,  losing 
licir  water  of  crystallization  under  exposure  to  the  air,  the  different  forms 

prracntiiJg  diiTcrcnt  rates  of  solubility ;   the  tetrahedral  being  soluble 
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in  600  parts  of  water,  the  prismatic 
in  90  parta  only;  t!ie  solution  in 
llic  fonncr  cas«  being  pinkiab,  that 
of  the  latter,  <lark  rwL  Thcr  are 
also  dissolved  bv  Rcctic  acid,  the  nd 
prussinte  of  potash  prwhicinp  a  pre- 
cipitate therefrom,  as  in  tlic  case  of 
otlicr  protein  bodies.  Ctiloriue  de- 
colorizes their  solutions  wi'l  erives  a 
wliitc  tUky  precipitate.  The  ervi- 
tnls,  irlicn  hentcd,  swell,  yield  sn 
odor  like  burnt  horn,  and.  afti^  com* 
bustion,  leave  a  small  quantity  of 
ash.  Kroni  the  difficulty  of  obtain- 
ing blood-crj'stals  in  a  state  of  purity,  their  constitution  is  not  known 
with  absolnte  certainty.  The  ash  which  they  yield  consists  of  about  72 
\KX  cent,  of  oxide  of  iron,  and  21  per  cent,  of  phosphoric  acid,  the  protein 
constituent  being  apparently  identical  with  otlier  protein  bodies.  Tbe 
Moda  of  nh-  CO*®^^**  "*'*?'  ^  obtained  for  examination  by  covering  a  mi- 
uiolnguiooJ.  nute  drop  of  blooti  with  a  gift»a  slide,  and,  after  adding  water, 
"^  alcohol,  or  ether,  to  permit  a  gradual  evaporation  to  ensue 

The  amount  thus  producetl  dqjonda  very  much  upon  the  jiresenco  of  light; 
thus  Ix>.hniann  found  that  while  he  could  only  obtain  two  per  rent.  <^ 
cr^'stala  troni  the  blood  of  the  Guinea-pig  in  tlie  dark,  he  eould  obtain 
more  than  acvcn  per  cent,  in  the  sunlight. 

Leliinjiiin  Ix'lieves  tfiat  the  crystalline  substance  is  not  a  mixture  of  a 
pigment  and  a  protein  body,  but  a  pure  chemical  compound,  Luvutg  cither 
a  ftjilt-like  or  conjugated  coiL^titulion. 

The  color  of  the  blood,  as  dependent  upon  the  tint  of  its  cells,  is,  ac- 
Culor  of  blomu  cording  to  the  views  of  llenle,  connected  to  a  considerable 
*^nd "m  Uitir  *^*^&'"^  ^'^^  *''^  **^''"*  ^^  tliosc  organisnis  as  they  van*  from  a 
fonn,  concave  to  a  convex  surface,  and  not  with  the  sluto  of  the 

lucmatin.  Wlien  they  are  more  concave  they  are  of  a  crimson,  when 
of  a  more  convex,  of  a  darker  hue.  Moreover,  during  these  variations 
tiieir  investing  membrane  must  necessarily  change  in  tliickncss,  and  this 
likewise  must  alter  their  mode  of  transmitting  light. 

Among  llic  causes  which  can  impress  a  change  on  (he  figure  of  the 
blood-cclls  ought  particularly  to  bo  specified  exposure  to  oxygen  and 
carbonic  acid  respcclivcly,  the  latter  causing  them  to  become  more  opaque 
in  their  centre,  broader  upon  their  edge,  the  cell  distending;  an  opposite 
effect  ensuing  under  exposure  to  the  former.  In  the  case  of  the  blood- 
cells  of  frogs  exposed  to  oxygen,  the  long  and  short  diameters  both  di- 
minish, and  the  wall  becomes  granular;  otter  exposure  to  carbonic  add 
they  increase,  the  wall  becoming  jx'llucid. 
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Constitulctl  thns  of  an  cla.stic  sac  fillwl  with  globulin  and  htrmaiin,  the 
KcclU  float  in  tlic  plasma.     Tlicy  are  nourished  at  its  expense,  ami  when 
Hie,  deliver  up  their  contents  by  deliquescence  to  xt.     Accouipany- 
tbem  are  the  white  corpuscles,  from  which  new  generations  are  to 
It  is  usually  stated,  timt  for  evci^''  .'50  reil  discs  there  tJip  whlio 
I  u  one  white  corpuscle.     They  may  be  readily  discoAcrcd  dor-  "'T'»<;'«»' 
I  iag  tiic  circulation  by  the  microsoopts  many  of  them  occupyiiig  the  cjcte- 
rior  of  the  current,  as  though  iht'y  had  a  special  relation  to  the  soft  tis- 
sues.    It  may  perltaps  be  erroneous  to  regard  these  large  white  corpns- 
■clca  as  the  embryos  of  tlie  red  discs.     Ticasona  could  bo  assigned  in  sup- 
port of  tlic  doctrine  that  the  same  primitive  germ  going  onward  to  devel- 
opment may,  at  a  certain  point,  diverge  in  two  directions ;  it*  it  pusses 
■  through  one,  it  will  pexfoct  itself  as  a  white  cell ;  if  through  the  other,  as  a 
I  red  disc. 

m      The  proportional  number  of  blood  corpuscles  in  different  animals  vsr 
Kncfl  considerably.     Generally  cold-bloo*l(?d  mammals  present  Kuinb«ror«eiu 
fewer  than  warm-blooded  ones,  birds  having  more  than  quad-  ,i"f|i,,^n't'^'' 
.npeds,  and  among  these  the  camivora  more  than  the  herbiv-  mub. 

Of  different  domestic  animals,  the  jiig,  the  dog,  the  ox,  the  horse, 
cat*  the  sheep,  tlio  goat,  poss(*ss  them  in  the  ordrr  in  which  their 
hare  been  mentioned,  the  goat  having  only  8G  to  145  in  the  pig. 
|Thcir  proportional  number  also  varies  in  ditl'ercnt  regions  of  the  circula- 
tion ;  thus  it  is  said  tliat  arterial  blood  contains  fewer  than  venous,  the 
ortal  blood  fewer  tlian  the  juguUr,  the  hepatic  more  than  the  portal     It 
not,  however,  to  l»c  overlooked,  that  in  all  these  determinations  the 
fltity  of  water  which  cliances  to  be  present  controls  tho  cstiuiatcs,  and 
ftt  tltercfore,  as  tlma  offered,  they  are  really  of  less  interest  than  might 
at  first  eight  Ijo  supposed. 

We  have  next  to  speak  of  the  plasma.      It  may  l>e  described  as  a  dear 
litly  yellowish  colored  fluid,  consisting,  as  all  animal  ComposiUoii 
9,  for  the  most  part  of  water,  holding  in  suspension  or  fi'i'l""*. 
olulion  albumen,  fibrin,  fats,  and  various  mineral  bodies,  as  the  foUow- 
:  analysis  shows. 

Proximate  C^mpontion  (/Ok  Plama. 

Water »03.90 

AJbamen. TH.W 

Fibrin ., 4.05 

Fat - 1.72 

Extractln „ 8.W 

MiiMMl  ■abeUncoj BM* 

liMlU.OU 

Of  the  watw  it  may  be  remarked,  tImt  tlio  usual  percent-  \viitor<>fih« 
stimate  made  of  its  quantity,  as  regards  the  entire  blood,  wiioi.>  i.UK>d: 
om  700  to  790  parts  in  1000.     Within  these  limits  it  is  '"  ^■•^^'«* 
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liable  to  rapid  variations,  as  dependent  on  tlio  condition  of  tliirst  or  tlie 
recent  indulgence  iu  dnnkB.  It  docs  not  increase  in  proportion  to  the 
amount  which  has  been  imbibed,  fur  the  Malpigltion  bodies  of  t-he  kidfier, 
na  will  hereafter  apjKyir,  strain  it  oft'  with  great  rapidity.  WTiea  the 
bloo<l-ve38el3  arc  distended  1o  a  certain  degree^  they  reftiBc  an  entrance  to 
it.  The  necessity  of  these  provisions  arises  trom  the  fact  tlmt  there  ii  a 
(xrtain  state  of  viscidity  which  the  blood  must  possess  for  its  proper  cir- 
culation. 

Bes]>octing  variations  in  tlio  amount  of  water  in  the  blood,  it  may  be 
stated  that  that  of  women  contitins  more  water  than  tlmt  of  men.  Ama^ 
dilTerent  animals,  the  serum  of  tlic  amphibia  contains  tlic  largest  quantity; 
and  among  mammals,  that  of  the  hcrbivora  more  than  that  of  the  caz* 
nivora.  Obtainwl  from  different  vessels,  the  arterial  has  more  than 
venous  blood,  but  the  serum  of  the  portal  vein  contains  more  than  that 
of  any  other  vein,  tho  proportion  depending  on  (be  amount  and  time  of 
the  ingestion  of  water. 

The  albumen  varies  in  quantity  from  GO  to  70  in  1000,  It  is  prob- 
TarlftUoiu  In  ^^^^  associated  or  combined  with  soda.  It  exists  in  the 
qmniity  of  k1-  blood  of  Uic  Splenic  and  hepatic  veins  as  the  neutral  albunii- 
'*'"''"'  natc  of  soda.     It  docs  not  appear  to  contain  any  pliospboros, 

OS  was  at  one  time  supposed.  It  is  tho  plastic  material  from  which  aU 
the  soft  tissues  are  nourished,  and  by  it  tho  cells  themselves  grov. 
Fibrin  arises  from  it  in  tho  blood  in  the  same  manner  as  it  docs  during 
the  incubation  of  an  egg;  every  caro  is  taken  to  economize  it  in  the  sys- 
tem, and  it  is  never  excrettxl  except  in  disease. 

Tiic  quantity  of  albumen  is  greater  in  venous  than  in  arterial  blood, 
the  proportion  increasing  during  digestion.  It  also  prescnta  variations 
in  different  states  of  disease.  Its  comlition  varies  in  various  ports  of  the 
circulation^  a  circrunstancc,  to  a  considemblc  extent,  due  to  the  nature  of 
the  salts,  or  to  the  quantities  of  alkali  with  which  it  is  associated. 

The  fibrin  is  usually  estimated  at  2  or  3  parts  in  1000  of  blood.     It 

TariiUonn  In    ^^y  ^"^^  ^  ^^^  *^  ^ '  **^  "^  ®®  ^^^^  *^  ^i*    There  IS  a  con- 
iho<iii*n<i<yar  stant  drain  upon  it  for  the  nutrition  of  tho  muscular  titiisucs; 
'  and  since  it  ori^nates  in  the  action  of  oxygen  upon  albu- 

men, we  should  expect,  as  is  really  tho  case,  that  arterial  blood  would  be 
richer  in  it  than  venous.  The  portal  blood  contains  it  in  mlninuim  quan- 
tity. Its  percentage  rises  if  oxygen  be  inhaled,  or  the  respiralorj'  pro- 
cess be  quickened;  for  similar  reasons,  it  uniformly  increases  in  acute 
intlamniations.  The  ultimate  analyses  of  fibrin  seem  to  show  that  it  con- 
tains more  oxj'gcn  tlian  albumen,  and  this  corresponds  with  its  mode  of 
origin.  It  is  an  important  practical  obscn'ation,  tliat  though  it  is  easy 
to  regulate  the  quantity  of  cells  by  variations  of  diet,  tho  amount  of 
fibrin  con  not  so  readily  be  clianged  in  that  manner,  nor  its  dc^'dopmcnt 
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chocked  by  venesection.     Tlicre  is  lesa  tibrin  in  llie  blood  of  the  caraiv- 
ora  than  in  that  of  tlie  herbivora. 

It  lias  been  asserted,  as  was  mentioned  before,  that  tlicre  is  so  wide  a 
difiurence  between  the  fibrin  of  blood  and  nmseular  fibre,  nttrin  ii «  hi»* 
that  we  con  no  longer  regard  the  latter  as  arising  from  the  lo^'viicUc  iw.i/. 
former,  but  must  consider  it  merely  as  coagulated  albumen ;  and  that, 
flince  the  action  of  acetic  acid  upon  it  shows  its  relation  to  gelatine,  it  is 
probably  more  nearly  related  to  the  tibro-gelatinoua  tlian  to  the  cellulo- 
albuminous  tissues.  Hut,  although  the  fact  that  fibrin  contains  more 
oxygen  tlian  albumen  seems  to  lend  weight  to  such  views,  since  oxida- 
tion appertains  to  tiic  retrograde  rather  than  to  the  a.sceiiding  metamor- 
phosis, there  arc  so  many  arguments  in  favor  of  the  oUl  doctrine,  tliat 
I  think  it  may  be  regarded  as  tlius  &r  unshaken.  Moreover,  it  is  now 
esUbluhed  beyond  any  doubt,  that  by  nitrate  of  potasli,  and  other  salts, 
£fann  Toaiy  be  transmuted  into  a  substance  analogous  to  albumen. 

The  fats  vary  very  much  in  quantity  at  different  times.  The  amount 
is  usually  stated  at  from  1.4  to  3.3  in  1000  of  blood.  After  a  meal  the 
plasma  may  be  actually  milky,  tlirougli  the  fat  globules  Y^jji(,n,  („ 
brought  in  by  the  chyle.  We  have  already  shown  that  tbo  quantity  of 
starth  will  give  origin  to  fat,  and  oily  substances  can  be  ob- 
tained from  lactic  acid  itsell'.  The  iiitrogenized  bodies,  during  their  de- 
atmction,  likcavigc  yield  them,  and  it  is  a  normal  function  of  the  hvcr  to 
effect  th<\  pro<luction  of  fat. 

The  scrum  contains  only  an  insignificant  quantity  of  free  fat ;  but 
there  is  a  large  proportion  of  Ba)}onified  fat  in  it,  as  well  as  the  lipoids 
cholcstcrinc  and  aerolin. 

The  view  heretofore  taken,  tliat  this  class  of  substances  is  not  histo- 
tie,  but  only  respiratory,  requires  to  be  modified.  There  UM!iiofUi«fiiu 
in  to  believe  that  tlie  blood-cells  tlkemaelves  can  not  *^  '****''■ 
1)0  fomed  except  in  presence  of  oil,  which  is  also  necessary  to  enable  ni- 
trogentacd  bo<liea  to  assume  the  ferment  action.  The  nuclei  of  cells  con- 
tain fatSi,  as  do  also  embr^'onic  structures  generally.  Cholcsterine,  or 
Uver-iat,  is  not  saponifiable.  it  apixars  as  a  product  of  disintegration, 
increaBing  in  quantity  during  acute  diseases.  Tlie  proportion  of  this  sul>- 
•tanoe  increases  after  40  years ;  it  also  forms  a  principal  ingredient  in 
biliary  concretions. 

Among  the  vpocial  constituents  of  certain  portions  of  the  venous  blood 
not  mentioned  in  the  preceding  tables,  wo  ought  not  to  over- 
look wipir,  which  exists  as  a  constant  ingredient  of  the  blood 
contained  in  that  [lort  of  the  circulation  inten'ening  between  the  liver  and 
the  longs.  This,  which  is  known  as  liver*sugar,  may  have  originated  in 
tbo  tranamutation  of  cano-»u^^r,  or  from  the  metamorphosis  of  the  mus- 
caUr  tiasucs.     It  b  to  bo  remarked  that  the  blood  contaiua  so  gelatine. 
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Conipwbon  of  Xo  the  mineral  subatancea  in  tlie  cdb  and  plasma  of  the 
cunftUitiniuof  Uood  Tcspecti vel y,  attention  should  be  paaticularly  directed, 
**r^^  '"'*     aincc  they  indicate  the  functions  of  these  portions. 

JTtMml  0»utUMMU  in  1000  l\trU  of  tKe  Bhod, 


Chlorine 

Snlpbnric  odd 

l*h(M)ilioric  odd 

I'uUuoituu ..». 

Sodium 

Oxygen 

]*hos]thato  of  lime 

l'ht>>fptiut«  uf  ma^Cid* 
Irua  excluded 


(.»IU 


O.lMtG 
MM 

l.(»3 
0.lk>7 
UlIU 
0.078 


8.120 


3.t;44 

0.1 15 
0.101 
0.323 
8.A41 

o.iu:) 
0.311 
O.Si3 


8.550 


Tlie  amount  of  inorganic  matter  in  the  colls  and  plasma,  respectivclTi 
of  1<X)0  pnrt.«i  of  blood  licing  nearly  tlie  same,  the  table  shows  that  then 
is  more  than  twice  as  much  clilorine,  and  more  than  three  times  as  moch 
sodium  in  the  plasma  as  in  the  cells.  It  may  thence  Iw  inft^red  that  the 
chloride  of  sodium  is,  for  the  most  part,  in  the  plasma.  Moreorer, 
is  six  times  as  much  phospliorus,  nn<l  more  than  trn  times  as  much 
tossium,  in  the  cells  as  in  the  plasma;  anii  therefore  it  may  be  inferred, 
since  potash  is  required  to  so  great  an  extent  in  the  nutrition  of  the  mus- 
cular system,  and  phosphorus  as  an  clement  of  the  pliosphorized  oils  ta 
the  nervous,  tliat  the  cells  have  a  direct  functional  relation  to  those  Lm- 
[mrtant  mechanisms,  and  this  in  addition  to  their  doty  of  introducing 
osyj^n. 

The  mineral  constituents  of  the  blood  discharjje  vor  dificrent  duties, 
Funrcions  of  Bomc,  cither  directly  or  iitdirecrly,  acting  functionally,  otlicxs 
^^^  "!'^"'  as  histogenctic  bodies.  Thus  the  alkaline  properties  of  the 
thi'  hiwwL  blood  are  due  to  the  presence  of  the  carbonate  and  phosphate 
of  soda^  and  this  latter  substince  enables  the  scmm  to  hold  in  solution 
carbonic  acid,  and  thus  it  maintains  a  relation  in  the  resjnratory  opera- 
tion. Hut  the  phospliale  of  lime  discharges  a  true  liist^^netic  ttinction, 
since  upon  it  the  bony  system  depends  for  its  nutrition.  The  mutual 
relations  of  these  sub.itnnccs  are,  of  course,  very  complex,  though  oft«n 
of  importance-  Thus,  of  the  two  just  mentioned,  the  phosphate  of  soda 
enables  tlie  scrum  to  hold  the  pliosphate  of  lime  in  solution. 

The  ta\vny  coloring  matter  of  serum  differs  from  cholepyrrhin  in  not 
Coloriiic  raat-  yielding  the  characteristic  reaction  of  that  body-  The  tint 
tfforwniiu.  sometimes  becomes  quite  deep,  owing  to  several  different 
causes,  such  as  the  undue  accumulation  of  the  coloring  matter  of  xirine, 
through  disturbance  of  renal  action,  or  from  bile  pigment,  as  in  icterus. 

The  gases  which  can  be  di-sengaged  from  the  blood  occur  in  the  cells, 
according  to  ilagnus,  a  statement  which,  liowcvcr,  is  very  far  from  being 
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eal^tanttated :  they  are  carbonic  aciJ,  oxygon,  ami  nitrogen.  Ga,e»  of  the 
lie  tuimd  tiwt  tliia  li(iuid  can  absorb  once  and  a  Iialt"  its  vol-  '''«"'• 
amo  of  carbonic  acid,  and  that  in  arterial  blood  tho  proportion  of  timt 
wad  to  oxygen  ia  as  IC  to  G,  in  venous  as  IG  to  4.  Tlmt  tiie  oxygen 
ia  \(Ty  loosely  retained  ia  shown  by  the  circumBtancc  that  it  may  for 
the  most  part  be  removed  by  ex])0!*urc  in  a  vacuum.  The  other  gaaca 
may  be  withdrawn  by  a  Rtreom  of  hydrogen. 

At  a  tc-m|jerature  of  98*^,  water  alworba  scarcely  one  per  cent,  of  its 
volume  of  oxygen  gas,  but  tlie  blood  can  take  up  front  10  to  13  limes  as 
much.  This  is  accompliHhed  by  tlie  coloring  material.  The  amount  is 
iDdp|tendent  of  variations  in  the  pre.ssurc  of  tlie  air,  which  would  not  be 
llic  case  if  llicgaa  were  i-eceived  into  the  circulating  fluid  by  mere  solu- 
tion. This  is  the  opinion  of  Licbig,  by  whom  it  is  regarded  as  being  to 
some  extent  pubstautiated  by  the  fact  that  the  respiration  18  accomplijihed 
with  nearly  tiic  same  result,  so  iiir  as  the  ab8orj>tiou  of  oxygen  is  con- 
oemcd,  at  considerable  heights  above  and  at  the  level  of  the  sea,  and  thai 
no  more  oxygen  is  received  from  an  atmosphere  very  rich  in  tiiat  gas 
than  from  the  ordinar)'  air.  Jlowever  ci>rrect  this  view  may  be,  the  fiicts 
cited  in  its  support  ore  very  far  from  being  undeniable. 

The  preceding  chemical  examination  of  the  siweial  constituents  of  the 
bUiod  leads  us  next  to  consider  the  general  fuJictions  of  this  liquid  in  the 
aggregate. 

In  this  general  sense,  the  blood  discharges  the  iViUowing  oificcs.  Its 
«Ummen  hiL?  tho  duty  of  gi^'ing  origin  to  all  tlio  plastic  tis-  cp„pr»l  si«w- 

of  the  syiftcra.     From  it,  for  example,  by  cell  action,  as  raont  of  ii>« 
ex|daine<l  in  treating  of  lacteal  absorption,  fibrin  arises —  (S"  rflffervm 
fibrin,  which  ia  used  for  the  renovation  and  re(«iir  of  the  mus-  coMUiocotoof 
color  tiasoca.    The  discs  have  a  rebtion  with  the  function  of 
respiration;  they  obtain  oxygen  in  the  pulmonary  circulation,  and  cany 
it  through  the  system.     Tlicy  contribute,  moreover,  to  the  development 
of  muBCutar  libre,  and  also  nervous  material,  and  tins  not  alone  as  regards 
the  coloring  matter  of  those  tissues.     Tho  fata  are  necessary  in  tltc  pro- 
duction of  fibrin  and  for  the  nuclei  of  cells;  but,  besides  these  hiatoge- 
nelie  relations,  they  eventually,  with  the  exception  of  liver-fat,  undergo 
oxidation,  and  so  minister  to  the  support  of  a  high  tcmpt^ature.     Of  the 
saline  substoucea,  common  salt  pnniiotes  digestion  by  aiding  in  the  ]in'|>- 
aratiun  of  gastric  and  puncrealic  juices;  the  phospliate  of  soda  enables 
the  jilaoma  to  bold  carl>onic  acid  in  solution,  and  carr^'  it  to  the  lungs. 

It  ia  interesting  to  observe  the  limits  of  variation  which  the  bloo<l  may 
present  in  disturU-d  or  diseaaetl  conditions.  In  intlammationa,  tlie  fibrin 
may  incicasc  foorfold;  in  t^'phoid  fevers  it  may  diminish  to  less  than 
ODQ  hali^  and  trom  these  variations  special  results  may  arise.  Thus 
diminution  of  its  fibrin  disposes  the  blood  to  preternatural  oozing  or  &- 
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cillty  of  ('^cap«>.  80  also  tlic  ccIU  hnrc  been  known,  in  coses  of  cUon> 
sis,  to  Rink  to  one  fifth  of  tlie  healthy  amonnt.  The  albumen,  too,  ei- 
liiljits  like  variations.  In  Bright'a  disease  it  prreatly  diminishea,  much 
of  it  escaping  in  ihe  urine  by  the  straining  action  of  the  kidneys. 

Tbnfl  constituted,  the  blood,  by  a  inechauism  to  be  described  in  llie 
next  clmptcr,  passes  from  the  heart  altematelv  to  all  parts 
riDi;<)uri»(;tbe  of  the  systeni,  and  alternately  to  the  cells  of  the  lonj^  pr- 
emulatioo.  ^^  ^.j^  ^^  what  liave  l»eon  termed  the  greator  and  less  dr- 
cuhition,  or  the  systemic  and  ilic  pulmonary.  In  the  systemic  circula- 
tion, the  blood,  which  leaves  the  heart  in  an  arterialized  condition,  or  as- 
sociated with  atmosphcTic  oxygen,  gives  up  that  element  to  the  Tarioiu 
tissues  as  it  pervades  them,  and  accomplishes  a  double  result :  tlie  re- 
moval of  all  those  particles  which,  having;  discharged  their  duty  and  on- 
deigonc  partial  or  periuct  interstitial  death,  arc  ready  to  jwss  away,  and 
also  the  liberation  of  a  great  amount  of  heat  by  the  destructive  oxidation : 
so,  at  the  same  time  tiie  wasted  matter  is  removed  and  advantage  takea 
of  it  to  raise  the  temperature  of  the  body.  This  done,  the  blood  tttskea 
its  way  back  to  the  heart,  following  the  channel  of  the  veins  as  thry  suc- 
cessively converge  into  tninks  that  are  lai^r  and  larger.  At  the  mo- 
ment of  surrendering  its  oxygen  and  receiWng  the  various  products  of 
combustion,  a  change  of  color  occurs.  The  bright  crimson  turns  to  11 
deep  blue,  and  the  blood  presents  itself  of  that  color  at  the  heart. 

It  now  undergoes  the  less  or  pulraonory  circulation.  Leaving  the 
heart,  it  passes  over  the  air-cells  of  the  longs,  and  i.s  ihcro  exposed  to  ti»e 
aerating  action  of  the  atinosphcre.  From  the  interior  of  the  cells  the 
discs  receive  their  supply  of  oxygen,  the  plasma  surrendering  up  carbonic 
acid  and  tlie  vapor  of  water.  The  color  now  changes  back  from  the 
blue  to  the  scarlet.  In  this  condition  it  returns  to  the  heart,  to  be  dis- 
tributed in  the  systemic  circulation  once  more. 

During  this  double  round  an  incessant  change  is  taking  place  in  the 
Um  oiiTioni  constitution  of  the  blood:  it  Is  undergoing  a  continuOTis  met- 
i>iit  Important  amorphosis.  In  some  respects,  as,  for  instance,  in  color, 
"   "****  this  is  obvious  enough.     But  the  invisible  changes  infinite- 

ly exceed  in  importance  and  amount  those  that  are  obvious  to  the  eye. 

All  the  soft  tissues,  since  they  arc  wasting  away,  require  repair. 
This,  inasmuch  as  it  is  accomplished  either  directly  or  indirectly  by  tlie 
albumen  of  the  blood,  gives  rise  to  a  constant  drain  of  that  substance, 
and  demands  a  constant  supply,  which  is  provided  by  nutrition  or  stom- 
ach digestion. 

The  cells,  wliich  constitute  the  other  chief  portions  of  the  blood,  are 

necessary  to  the  production  of  a  high  tcmpcmturc,  by  con- 

oxygtu  by  tbe  stantly  transferring  oxygen  from  the  cells  of  the  lungs  to 

'*^-  every  part  of  the  body;  carriers  of  oxygen  they  have  been 
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hily  rnllcd.  That  tUia  is  one  of  their  duties  has  teen  proved  experi- 
mentally, for  a  ftolutioii  of  albumen  or  tlic  Berum  lias  but  little  power  of 
tbfiorbing  oxygen,  scarcely  exceeding  water  itself  in  tb&t  res]M:ct,  but 
Jic  discs  condense  it  at  once.  The  ciiange  of  color  tltcy  exhibit  as  tliey 
dtemately  gain  or  loso  that  clement,  is  in  itself  a  proof  of  this  fact,  as 
>  also  the  action  of  serum  or  blood-discs  respectively  on  a  measured 
rolume  of  air  contained  in  ajar.  It'  the  discs  be  in  the  venous  or  pur- 
»le  condition,  they  quickly  absorb  oxygen  from  tlie  contined  air,  whicli 
tbei«foro  at  onee  diminishes  in  omonnt,  but  the  ecnim,  or  a  solution  of 
klbumcn,  produces  no  such  eft'ect.  The  plnsma  serves,  therefore,  for  the 
pneral  niilrition  of  the  system,  and  the  discs,  by  transferring  oxygen 
mm  point  to  point,  discharge  tliat  port  of  their  duty  which  is  conneet- 
id  with  the  production  of  heat. 

Bat  the  discs,  tliough  of  a  flattened  form,  arc  truly  cells,  and  all  that 
obtains  in  tho  eafio  of  cell  bfc  and  cell  action  obtains  for  irjHiMtorr  du- 
betn.     They  have  not  a  duration  at  all  comparable  to  tho  mtiun  uf  Uie 
oration  of  tl»c  system,  but  are  constantly  coming  into  ex-       *' 
kteocc  and  disapj)caring.     Kacti  is  an  individual  having  it»  own  partic- 
liar  history,  its  lime  of  birth,  its  time  of  maturity,  its  timo  of  death. 
Soch  passes  through  a  series  of  incidents  proper  to  itself.     Originating 
been  destcribcd,  they  grow  at  the  expense  of  the  plasma,  and  in 
d  it  serves  for  their  nutrition  as  well  as  for  that  of  the  body 
Jly. 
Ou  exposing  blood-cells  to  oxygen  and  carbonic  acid  gases  alternately, 
here  is  not  only  a  change  in  their  shape,  which  becomes  eormgatcd  and 
itor-liko,  but  also  in  their  c]ieniical  constitution,  so  that,  after  such  an 
ucposnrc  of  nine  or  ten  times,  they  arc  entirely  destroyed.     Such  alter- 
itions  occurring  in  the  system  doubtless  lead  to  the  same  result,  though 
ore  slowly,  since  the  oxygen  is  presented  in  a  diluted  condition. 
The  corrugated  and  star-like  blood-cells  abound  in  the  blood  of  the 
>rtal,  though  not  in  that  of  the  hepatic  vein.     If  their  aspect 
from  their  tendency  to  disintegration,  this  is  no  more 

"^  '*  than  might  be  expected  in  view  of  the  fitno 

tions  of  the  liver.  That  the  stellated  aspect 
is  an  indication  of  a  commencing  disorganiza- 
tion, or  other  profound  cbangCT  may  be  illns- 
tratcd  by  an  examination  of  tlie  action  of  wa- 
ter on  normal  blood-cells,  which,  if  Uiey  be 
exposed  to  that  liquid,  undergo  a  distention ; 
their  thickness  increasing  more  rapidly  than 
their  diameter,  they  loso  their  conca\'ity,  be- 
come convex,  and  at  last  ap|>enr  as  spheres 
Mu^  w^^M»  n^dikd  M»     ^(  ^  i^gg  gij,^.  tij^n  ^(j^  original  discs.     AVhca 
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the  quantity  of  water  they  have  received  has  distended  them  to  their  at- 
most  capacity,  they  then  are  invisible ;  but  when  it  is  withdrawn  fron 
them  by  establishing  exosmosis  through  the  addition  of  saline  sub- 
stances, they  may  reappear  in  the  corrugated  or  star  shape,  as  seen  in 
the  photograph,  Fig.  60, 

With  rcsi)ect  to  the  action  of  the  hsematin,  it  may  be  observed,  that 
.  .  ,.  other  nitrogenized  coloring  materials  present  a  similar  idir 
aiin  illustrated  tion  to  oxygen.  As  an  example,  indigo  may  be  mentioned. 
V  mdigo.  J  consider  that  the  properties  of  this  substance  illustrate  in 
a  significant  manner  the  properties  of  htematin  in  the  system.  Indigo 
occiu-3  in  the  leaves  of  the  plant  which  yields  it  in  a  yellow  and  soluUe 
state.  It  is  easily  extracted  from  them  by  maceration  in  water.  Ex* 
posed  to  the  air,  it  absorbs  oxygen,  becomes  insoluble,  and  simultane- 
ously gains  a  deep  blue  tint.  So  lightly  is  the  oxygen  thus  united  to 
it,  that  by  exposure  to  very  feeble  agents  it  surrenders  it  up,  and  repasses 
into  the  yellow  and  soluble  condition.  Once  more  exposed  to  the  air, 
it  turns  blue,  and  once  more  may  have  that  color  removed  fix>m  it  by  tak- 
ing its  oxygen  away.  For  many  times  in  succession  its  tint  may  be 
thus  changed,  and  made  yellow  or  blue  at  pleasure. 

From  this  we  perceive  in  what  a  loose  manner  oxygen  is  held  by  such 
a  coloring  material ;  how  readily  it  surrenders  it,  and  how  readily  it  re- 
covers it.  Such  a  union  can  scarcely  be  called  an  oxidation  or  a  com- 
bination ;  it  is  rather  an  association. 

All  this  is  i)rcciscly  what  occurs  in  the  case  of  heematin.  It  takes  up 
Feehieonionof  ^^^^^  ^^>^*»  rapidity  as  it  goes  over  the  cells  of  the  lunga, 
oxygen  and  and  tums  scailct ;  it  surrenders  tliat  oxygen  with  equal  fa- 
icmatin.  cility  as  it  passes  the  systemic  capillaries,  and  tums  blue. 
This  change  of  color  is  incessantly  taking  place ;  it  is  now  red,  and  now 
blue,  as  the  cells  arc  passing  in  the  greater  and  the  loss  circulation. 

Formerly  it  was  supposed  that,  in  the  act  of  respiration,  oxygen  from 
Eeception  and  the  air  united  with  carbon  of  the  blood  or  of  the  cells,  and 
of'oxvccn'bv  carbonic  acid  formed,  a  combination  or  perfect  oxidation 
tiie  biood-ceUs.  faking  place  in  the  lung.  But,  if  this  were  true,  the  tem- 
jTcraturc  of  those  organs  should  be  higher  than  that  of  the  rest  of  the 
body,  and  this  is  by  all  admitted  not  to  be  the  case. 

The  cells  arc  therefore  carriers  of  oxygen.  Tliey  receive  tlmt  vivify- 
ing principle  as  tliey  move  over  the  respiratory  cells,  and,  freighted  with 
it,  pass  to  all  parts  of  the  body,  not  united  with  it,  nor  disorganized,  nor 
burnt  up  by  it,  but  holding  it  loosely,  and  ready  to  give  it  up  and  go 
back  again  for  a  fresh  supply. 

The  sac  containing  the  haematin  offers  no  kind  of  resistance  to  these 
exchanges.  It  will  be  fully  demonstrated  in  the  chapter  on  respiration 
that  this  is  the  case.     Thick  pieces  of  India-rubber,  stout  animal  mem- 
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tor  even  massei*  of  stucco,  present  no  obstacle  to  the  passage  of 
TJ»e  delicate  wall  of  tlie:4C  cells,  a  tissue  of  almost  inconceivable 
',  can  offer  no  resistance.     The  gas  poAsca  in  and  out  without  ira- 
I ».^ut  or  restraint. 

1^     But  ihoitgli  in  this  manner  these  little  organisms  perform  their  duty^ 
Htt  is  only  for  a  time.     They  may  take  oxygen  from  the  air-  j,  . 

"  cells  and  give  it  up  in  the  system,  and  do  this  jicrhaps  many  ihefururUon  rf 

(thousand  times,  but  it  comes  to  an  end  at  last.     The  incos-  "'****^'*' 
Bant  motion  stops,  and  the  worn  and  exliaustcd  disc  is  brought  to  its  term. 
By  di'j^nties,  as  old  age  steals  over  it,  it  becomes  corrugated  and  relaxed, 
is  unable  to  witlistand  chemical  reagents,  as  its  younger  comrades  can 
do.     Through  the  microscope  it  seems  puckered  and  attenuated.     The 
b  red  color  of  its  interior  deteriorates  into  a  tawny  tint.     As  with  a  leaf  in 
P  the  autumn,  ilie  natural  color  of  which  disappears,  and  yellowness  or 
other  cbangG  precedes  its  fall,  so  with  the  dying  disc.     Unable  any 
longrr  to  dlst-liargo  its  duties,  its  existence  is  brought  to  a  close,  the  de- 
cayed luematin  is  shed  oat  to  give  a  transient  tawny  tint  to  the  plasma, 
tut  is  presently  strainwl  otf  as  one  of  the  constituents  of  bile  by  the  liver. 
Kor  ia  tlie  illustration  here  used  wholly  metaphorical,  for,  in  tlic  case  of 
■    herbivorous  animals,  Herzelius  lias  sliown  that  the  coloring  matter  of  their 
I  bile  is  identical  with  clUorophyll,  the  coloring  matter  of  leaves. 

^^^  CHAPTER  VUL 

OP  TITE  CIKCLLATION  OF  THE  BLOOD. 

n*  ttmrt  m  a  ifaeAuu. — /nac&'TMry  of  llitrtr^n  Jortrme  of  the  Cirmintitm.—Pkifneal  /Vm- 
c^4»  y  lir  Grrmiahon  t  applltU  in  t/ie  itun^  of  n  jNV/nifA/  Ceily  J'ervitMS  'fUmr,  Motion  of 
Sap  ami  V"  Himtt.  —  /Jrpfwlnee  ff  tU  Cirntiation  on  litrpirution.  — Forwf  nf  Cirmlatiam  : 
SfMlamet  P^immtry.  iWUit. — OrfrripHoH  oflbe  Jlenrt :  its  Afmxmentt. —  Tkrir  Forcr,  \tm- 
ktr,  ami  VaUe. — ■Sountlt  of  the  iltart. —  Ojmm  (^' iu  CbfirnKtJm«. — XMaeriptioR  ^  (Ae  Arit' 
ritw,  Ovm/£:uVj^  Vtiaa. — Kxjtiitnntion  of  the  Gnviatim  i^  tkt  JUeod. — Fa^a  »apporii»y  it,~— 
71W  Flr4t  Umatk. 

No  ftmction  of  the  animal  mechanism  illuslrales  more  strikingly  the 
doctrine  that  we  must  rely  on  physical  agents  for  physiological  explana- 
tions than  tliat  which  we  liavc  now  to  consider,  the  circulation  of  the 
Uood. 

W«  sDirender  some  of  the  most  beautifid  recollections  of  classical 
mjlhoh^,  and  some  of  the  most  chorished  jjopular  illusions  xbo  huat  ■• 
of  our  own  times.     The  heart,  which  in  the  higher  classes  of  •"  «>»'o«^ 
life  is  the  central  organ  of  impulse  of  the  circulation,  is  to  be  degraded 
into  a  mere  euginc.     Wc  have  to  speak  of  ita  valves,  its  cords,  its  pipes. 
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We  have  to  consider  its  exhausting  and  its  forcing  action — to  deal  with 
it  just  as  we  should  deal  with  an^  hydraulic  apparatus.  In  the  old 
times  this  organ  was  looked  upon  as  the  seat  of  the  thoughts  and  the 
passions  ;  it  was  the  centre  of  all  good  and  evil,  puri^  and  uncleanness, 
devotion  and  love.  In  the  modem  system  the  brain  has  succeeded  to 
the  functions  which  were  once  imputed  to  it. 

The  heart,  then,  is  no  longer  an  altar  on  which  flames  are  burning,  no 
longer  the  seat  of  the  passions  and  the  source  of  lore.  It  is  a  machine, 
but  what  kind  of  a  machine?  llow  great  is  the  admiration  we  may  ex- 
press at  its  exquisite  construction !  This  little  organ  can  execute  three 
thousand  millions  of  beats  without  a  stop !  In  the  course  of  a  liie,  sncli 
OS  wc  sometimes  meet  with,  it  has  propelled  half  a  million  tons  of  blood, 
and,  though  momentarily  wasting,  has  repaired  its  own  waste  all  the  time. 
The  mathematical  rhythm  of  its  four  moving  cavities,  the  perfect  closure 
of  its  mitral  and  semilunar  valves,  and  the  regurgitating  play  of  its  tri- 
cuspid, have  never  failed  it.  To  the  eye  of  the  intellect  there  is  nothing 
lost  in  transferring  it  from  the  regions  of  metaphor  and  speculation  to 
the  domain  of  physical  science. 

The  doctrine  of  the  circulation  of  the  blood  was  first  propounded  by 
llarvey's  doc-  Dr.  IIabvev  about  two  huudrcd  years  ago.  It  originated 
cuUtion'tf  the  ^"  *^®  discovering  of  the  valves  of  the  veins  by  Fabricins  ab 
blood.  Aquapendentc.     After  many  years  of  discussion,  it  was  re- 

luctantly received  by  the  medical  profession. 

In  this  doctrine  the  circulation  is  referred  to  causes  that  are  purely 
mechanical,  in  the  strictest  acceptation  of  that  term.  The  contraction 
of  the  walls  of  the  heart  propels  ti:e  blood  through  the  arterial  tubes, 
and  even  through  the  veins,  the  direction  of  its  movement  being  insured 
by  a  proper  arrangement  of  valves. 

But  when  comparative  anatomy  and  physiological  botany  were  more 
Its  imncrfcc-  cxtcnsively  cultivated,  it  was  seen  that  this  doctrine  is  insuf- 
tions.  ficicnt,  for  the  unity  of  nature  forbids  us  to  believe  that  nu- 

tritious juices  arc  circulated  in  different  tribes  of  life  by  different  forces. 
And  though  it  may  be  that  the  contractions  of  that  central  impelling 
mechanism  regulate  the  circulation  in  those  organisms  which  have  a  heart, 
what  is  to  be  made  of  those  countless  numbers  which  have  none  ?  In 
this  group  we  find  the  whole  vegetable  creation,  and  a  majority  of  the 
animal. 

There  is  a  physical  principle  whicli  lias  long  appeared  to  me  sufficient. 
rhypicai  prin-  Its  usc  in  an  explanation  of  the  motion  of  nutritive  juices  in 
?n  theca*i'iiarT  o^g*"izcd  systems  of  every  class  I  have  taught  in  the  Uni- 
circuiation.  vcrsity  for  many  years.  It  possesses  the  advantage  of  gen- 
erality, since  it  is  applicable  in  every  case,  from  the  circulation  taking 
place  in  a  closed  cell  up  to  that  of  man. 
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In  CliaplcrVI.  is  a  general  statement  of  the  phenomena  and  laws  of 
I  capUlury  attraction  ;  the  principle  now  to  bo  employed  is  closely  coiinect- 
Icd  therewitlu     It  may  be  stated  as  follows; 

If  two  liqtiirlft  communicate  with  one  another  in  a  capillary  tube,  for 
[the  snbstance  of  which  they  have  affinities  of  different  intensities,  niove- 
jment  will  ensue:  the  liquid  having  the  bighcat  affinity  will  occupy  the 
tube,  and  may  even  drive  the  oihcx  before  it     The  same  effect  will  en- 
sue in  a  porous  stracturc. 

Fi}.  fti.  l*hns,  let  A,  A,  J^iff.  51,  be  a  capillary  tube 

iM^MgiB^giMg—  of  any  kuid,  which  is  occupied  conjointly  by 

Uouao  ta  •  t»i>ui»i7  i"i«i.  two  liqui Js,  a  and  t\  meeting  each  other  in 

I  its  middle,  c;  a  having  a  high  and  v  but  little  affinity  for  the  substance 

I  cf  which  the  tiibe  consists,  a  will  occupy  the  tube,  pressing  out  v  before 

it.     Of  course,  it  is  to  be  understood  that  llic  liquids  a  and  v  rc8j>cct- 

ively  commuuicatc  with  reservoirs  tliat  can  furnisiL  them  a  necessary 

supply. 

J^Tiic  various  plicnomena  desnril»ed  nn(b*r  the  deslgnallon  of  endosmo- 
arc  experimental  illustrations  oftiic  same  kind.  Thus,  ,  ^  ..  .  , 
when  water  is  pat  on  one  side  of  a  piece  of  bladder,  and  nl-  expUtnaion  ot 
cohol  on  the  other,  the  water,  having  the  highest  affmity  for  """"°"  ■ 
the  substance  of  which  the  bladder  consists,  occupies  the  pores  thereof, 
and  cxpeU  the  alcohol.  Nor  would  any  of  the  latter  substance  find-its 
way  in  the  opposite  direction,  back  into  the  water,  were  it  not  so  soluble 
or  diffusible  in  that  liquid.  Kxosmosls  therefore  takes  place  through 
tlic  water,  and  constitutes  a  very  subordinate  or  feeble  current. 

Xow  it  is  precisely  relations  of  this  kind  that  arc  observed  in  the  case 
of  the  circulating  and  nutritive  juices  of  all  organic  lacings. 

The  simplest  instance  is  presented  by  the  fluid  contents  of  certain  nu- 
clcafcd  cells,  both  among  animals  and  plants,  in  which  a  cur-  „.     .   .     . 
rmt  moves  towanl.  anil  tlicn  from,  the  nuclcns,  coming  back  nntlMtol 
in  a  returning  path.     The  tluid  which  the  cell  contains  yields  **    ' 
I  to  ihc  nucleus,  in  wliich  seems  to  be  concentrated  all  (he  activity  of  the 
organism,  the  nutritive  material  it  requires,  and,  this  done,  passes  on  to 
make  way  for  other  portions.     The  act  of  nutrition,  thercfoi-c,  is  followed 
by  TDOtioR,  and  this  upon  the  above  simple  principle;  for  the  liquid,  be- 
fore it  approaches  to  the  nucleus,  is  charged  with  material  which  Ihc  nn- 
I  cleus  can  attract ;  but  immediately  af^  contact  has  taken  place,  and  the 
I  has  Keen  mmoved,  the  liquid  maint^uns  no  longer  any  relation  witli 
.  the  affinity  or  attraction  is  satisfied,  and,  so  to  epoak.  it  loses 
r     its  '      reupon,  and  is  pressed  off  by  new-coming  portions.     Before  its 

B  a[)ptX)Acb,  and  after  its  departure,  the  liquid  has  opposite  relations  to  the 
H  uocleus,  and  in  this  respect  may  be  regarded  as  representing  two  liqnids, 
H  the  one  having  a  high  ofiinity,  and  the  other  none,  for  the  nucleus.     The 
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circulation  in  rentable  ccUs  ia  shown  by  tlie  < 
rcction  of  the  arrows  in  Fig,  52.     The  connetakea  I 
by  the  current  may  be  determined  under  the  mi 
croBcopc  by  the  minntc  tloating,  or,  rather,  driftin* 
granalcs.     It  ia  to  and  then  from  the  nucleus. 


^^ta 


talU. 
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I'\g.  53  represents  one  of 
(ho  jointed  hairs  from  the 
TnuleacantiaA'irgiiiica.  The 
engra\-ing  ia  from  the  Wcw 
given  by  Sir.  Slack,  correct- 
ed, liovever,  by  the  aid  of  a 
photograph  of  a  similar  ob- 
ject, ff,  A,  c,  d  arc  the  suc- 
cessive cells  oft  lie  Imir.  The 
dotted  lines  show  the  direction  of  the  current  to 
and  from  the  nucleus. 

TIic  Juice  which  is  nlwnt  to  nourish  a  jiart  has 
CJretiUtioo  *°'  *^"**  P**"*'  *  certii"  affinity,  but,  with  the  accomplislimcnt 
throiiKh  pCT-  of  that  nutrition,  the  affinity  is  at  once  lost.  Thus,  for  in- 
«"l«>ftfc  giniipc^  in  iiic  systemic  circulation,  the  parts  to  be  nourished 
have  a  certain  affinity  for  tlic  arterial  bhtod ;  they  take  from  it  wIialcr^H 
their  purposes  require,  and,  that  done,  tlie  relation  at  once  ceases ;  the 
blood,  become  venous,  has  lost  its  Iiold  upon  them,  and  is  pressed  oC 
We  may  conveniently  describe  this  effliict  as  a  pressure  of  the  anchan 
U}K>n  the  changed  liquid. 

The  motions  of  the  sap  in  plants  arc  clearly  dependent  on  this  pri: 
Kxplu)*^^  o'  ciplc.  Leaving  out  of  consideration  the  minor  movemcn 
^LirfiilsMji  ^Ji'ch  take  phice  for  special  purposes,  or  at  specitic  opoc 
ofpUou.  in  the  development,  it  may  be  truly  said  that  the  nutritii 

changes  occurring  in  the  leaf  arc  the  jirimary  cause  of  the  motion;  for.; 
the  ascending  sop  presents  itself  on  the  sky  face  of  the  ie.if,  it  receives 
carbon,  under  tlie  inllucncoof  the  8uniiglit,from  the  air,  and  becomes  con' 
verted  into  a  gummy,  glutinous  liquid.     And  just  as  in  the  piires  of  a 
bladder,  or  in  (hose  of  any  pervious  mineral,  pure  water  will  drive  oidfl 
gum-waler.  and  occupy  the  pore,  so  will  the  ascending  sap  expel  thii^ 
gummy  solution  from  the  capillary  tubes  or  intercellular  spaces  of  the 
leaf.     As  fast  as  this  takes  place,  the  active  liquid  becomes  inactive,  bjfl 
itself  changing  into  a  gummy  solution,  and  the  movement  is  perpetuated. 
And  this  ensues  not  only  in  the  leaf,  but  in  everj'  part  of  the  jdant ;  the 
liquid  to  be  changed  presses  upon  that  which  lias  changed,  and  forces 
it  onward.     In  this  manner,  motions  in  various  parts  and  of  very  grea 
intricacy  will  ensue,  but  all  of  them,  if  duly  considered,  no  matte 
whether  their  seat  be  in  the  root  or  in  the  bark,  in  the  flowers  or  in  tl 
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matter  wlietlicr  tlicy  take  place  in  the  liciglit  of  summer  or 
jiwt  at  the  close  of  "winter,  wi»cn  tlic  sap  first  rises,  or  even  in  the  germ- 
inating seed  which  ia  under  the  ground,  and  has  never  yet  been  ex|«>sed 
to  tiie  light,  may,  without  difficulty,  be  referred  to  tlic  nntrilivc  cliange 
curried  on  in  tl  c  leaves  of  the  plant  under  examination,  or  its  parent,  by 
the  influence  of  tlic  rays  of  tiic  snn. 

All  this  holds  goo<l,  not  only  in  the  nutrition  of  a  cell,  tho  more  com- 
plicated nutrition  of  the  various  parts  of  a  flowering  plant,  or  Rxpinnation  yf 
even  of  an  animal,  hut  likewise  in  those  destructive  changes  cir'^.^*^t'ioo'^ 
•  irstricted  to  the  Litter  class,  and  arising  in  interstitial  decay ;  uiimuls. 
for  the  blood  has  a  double  duty  to  |ierform  :  it  not  only  scrvca  for  nutri- 
tion, but  also  for  the  removal  of  cftctc  and  dying  parts.  These  it  cflccts 
the  oxidation  of,  thc'ur  carbon  possuig  liito  carbonic  acid,  their  hydrogen 
into  water ;  and  this  is  accomplished  by  tho  oxygen  which  lias  been  ob- 
tained in  the  proceaa  of  respiration.  The  scarlet  or  arterial  blood,  charged 
with  its  oxygen,  passes  to  all  parts  of  tlic  economy  in  search  of  organic 
particlea  ready  to  be  removed ;  it  efiects  their  disorganization,  and,  becom- 
ing thereby  venous,  ia  pressed  onward.  And  now,  if  we  recall  tliat  nu- 
trition in  animals  depends  on  the  access  of  air— even  librin  can  not  arise 
(mm  albumen  except  under  tiiat  contlition — we  can  not  avoid  tlie  con- 
cliuion  tliat  all  operations  of  repair  and  nil  operations  of  waste  are  made 
to  conspire  together  for  the  production  of  movement ;  and  though  every 
part  otfers  its  own  special  cause,  as  depending  on  nutrition,  or  discnte- 
gration,  or  secretion,  they  may  be  all  grouped  together  as  the  necessary 
n.*9nlts  of  one  more  primitive  operation,  which  is  the  supply  of  oxygen 
to  the  blood  in  the  respiratoiy  mechanism. 

In  my  view  of  tliis  sulject,  it  is  therefore  the  arterialization  of  tho 
Uood  in  the  lungs  which  is  the  cause  of  the  circulation  in  p^  .  ^ 
loan.  I  consider  the  circulation  as  the  consequence  of  res-  cinuUtion  in 
piration;  and  though,  in  one  sense,  the  minor  causes  are  *^'""P""»''<«'- 
iiumei-ous,  each  portion  of  nervous  material,  each  muscular  fibre,  every 
secreting  cell  working  its  own  way,  these  subordinate  actions  arc  all 
referable  to  one  primordial  act,  and  that  is  the  exposure  of  the  blood  to 
the  air. 

'\Viiate%-er,  ihereforc,  ijitcrfcrca  with  respiration,  interferes  with  circula- 
Jf  an  irrespirablc  j^as  is  thrown  into  the  cells  of  the  lungs,  the 
of  the  blood  is  instantly  arrested,  and  asphyxia  ensues.  Or,  if 
t}ie  access  of  the  air  is  ent  ofl^,  as  in  drowning,  in  vain  the  heart  exerts 
ifa  utmost  convulsive  throb — it  is  unable  to  drive  forwanl  the  Com  of  »»- 
Wood;  and  in  those  cases,  by  no  means  inire<iuent,  yet  un-  Jpaiil'i"/™" 
doubtedly  the  most  surprising  occurxing  in  tlie  practice  of  Jr»wma^ 
medicine — restoration  from  death  after  drowning,  tlic  whole  success  turns 
on  one  condition,  the  re-establi»hmcnt  of  tiic  arterial izal ion  of  the  blood. 
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If  that  be  accomplished,  the  circulation  is  restored,  and  the  heart  pro- 
ceeds with  its  duty.  And  for  these  reasons,  I  believe  that  in  many  cases 
success  would  be  had,  where  failures  are  now  experienced,  i^  instead  of 
resorting  to  atmospheric  air,  pure  oxygen  gas  or  protoxide  of  nitrogen 
were  administered. 

In  the  more  Iiighly-developcd  organisms  the  objects  of  the  circnlatMHi 
arc  tlireefold :  1st.  To  minister  to  the  nutrition  of  the  system;  2d.  To 
introduce  oxygen ;  3d.  To  remove  the  products  of  waste.  In  man,  these 
various  results  arc  accomplished  by  several  different  arraogements :  Ist. 
_.  _  The  greater,  or  systemic  circulation ;  2d.  The  less,  or  polmo- 
(lasAOA  uf  nary  circulation ;  3d.  The  portal  circulation ;  4th.  The  Malpi- 
circuution.  gj^an  circulation,  &C. 

The  course  token  by  the  blood  is  as  follows.  Leaving  the  left  Tcntri- 
Coonteofthe  ^^  of  the  hcort,  it  passes  into  the  aorta,  and  is  distributed 
tiooainitasy*.  \)y  the  ramifications  thereof,  constituting  the  systemic  arte- 
TOoiiar>°circu-  ^^^^  to  all  ports  of  the  system.  It  moves  onward  through 
latioDi.  t]|Q  capillaries,  whicli  may  at  once  be  considered  as  the  term- 

inal ramifications  of  tlie  arteries  and  the  commencing  tnbelets  of  the 
veins.  These,  converging  into  larger  and  larger  venous  trunks,  the  sys- 
temic veins,  deliver  it  into  tho  ascending  and  descending  Tense  cave,  from 
which  it  flows  into  the  right  auricle,  and  from  thence  into  the  right  ven- 
tricle of  the  heart.  From  thence  it  is  driven  into  the  pulmonary  arteiy, 
to  be  distributed  to  the  lungs,  and,  coming  therefrom  along  the  pulmo- 
nary veins,  reaches  the  left  auricle,  and  from  thence  it  gains  the  lefl  ven- 
tricle, which  was  its  starting-point. 

In  the  pulmonary  veins,  the  left  cavities  of  the  heart,  and  in  tlie  sys- 
Distributionof  *^™i*^  arteries,  the  blood  is  crimson.  In  the  systemic  veins, 
triiii:>on  and  of  thc  right  cavitics  of  the  heart,  and  pnlmonaiy  artery  and  its 
ue  oo. .  branches,  it  is  blue.  Tlie  change  from  crimson  to  Hue  takes 
place  in  the  systemic  capillaries,  and  from  blue  to  crimson  in  the  pulmo- 
nary. The  systemic,  or  greater  circulation,  is  considered  as  beginning 
at  tlie  left  ventricle  and  ending  at  the  right  auricle ;  the  pulmonary,  or 
less  circulation,  begins  at  the  right  ventricle  and  ends  at  the  left  auri- 
cle. This  double  course  is  sometimes,  among  authors,  illustrated  by 
likening  it  to  the  figure  8,  the  upper  loop  representing  the  pulmonarj', 
the  lower  the  systemic  circulation,  and  thc  heart  placed  at  the  nodal  point. 

As  has  just  been  remarked,  there  are  other  subordinate  circulations, 
The  portal  but  of  these  oiily  one  need  attract  otir  attention  at  present — it 
circuiaiion.  jg  thc  portal.  Tliis  originates  in  a  system  of  capillaries,  the 
veins  belonging  to  the  digestive  apparatus,  which,  convei^ng  rapidly  to- 
gether, form  a  common  trunk,  the  portal  vein.  This  at  once  ramifies 
like  an  artery  in  the  substance  of  the  liver.  From  the  resulting  capilla- 
ries, the  portal  blood  passes  into  the  commencing  capillaries  of  thc  hepat' 
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ic  veins,  "wKich  empty  into  the  inferior  vena  cava,  and  bo  it  rraclics 
tbo  gcnecal  circulation.  TI»c  phyaical  peculiarity  of  the  portal  cir- 
culation is,  that  it  commences  m  a  capillar}'  system)  and  ends  in  one, 
rithont  the  intcr\"cnlion  of  any  central  organ  of  impulse,  or  licJirt.  At  a 
vcrj*  ctti-Iy  period,  compnmtivc  anatomists  were  struck  with  rorinl  oin.-ul«. 
the  analogy  between  the  jiortnl  circulation  in  man  and  the  Jj,'!"!^"*,,'™*'^ 
systemic  circulation  of  lishctt.  both  lK.':ini;  carried  on  in  the  Mt. 
same  way,  that  is,  without  a  hoarU  In  tishcs,  the  heart  is  a  branchial, 
respiraton.',  or  ptdinonary  one.  Their  systemic  circulation,  or  circula- 
tion of  crimson  blood,  commences  in  the  capillaries  of  the  re.'ipimtory  a]V 
paratus,  the  gills ;  a  con vcr^icncc  takes  place  into  on  aorta,  whicli  rami  fies 
into  systrTuic  capilhuies.  tio  the  great  circulation  in  these  tuU'S  is  ac- 
complished without  any  heart.  It  is  scarcely  iicccpsary  to  point  out  the 
bearing  of  sucli  a  fact  on  the  theories  of  the  movement  of  tlic  blood. 

Li  J^iff.  54  is  a  diagram  of  the  circulation  of  a  fish ;  (7, 
is  the  auricle;  6,  the  ventricle  ;  c,  the  branchial  or  pulmo- 
nary artery;  fl,  e,  the  branchial  or  pulmonary  veiiu«,  bring- 
ing blood  from  //,  the  braiicliiir,  and  converging  directiv  to 
j't  the  aorta,  which  dbttrilmtcs  the  systeinie  blood.  This 
is  collected  into  a  vena  cava,  g,  and  so  brought  to  the  au- 
ricle, a.     There  is  tlicruforc  no  systemic  heart. 

The  further  discussion  of  tliis  subject  will  be  continued 
as  follows:  Wn  shall  descril>o,  Ist,  the  construction  and 
action  of  the  Jieart ;  2d,  of  tlie  arteries ;  3d,  of  the  capil- 
laries ;  4th,  of  the  veins.  We  shall  then  present  a  view 
of  the  combined  rasnlt  of  these  various  mcclianismg. 

1st,  Tlic  Heart  The  first  appearance  of  the  heart  is  oa 
a  cavity  arisinc;  in  a  collection  of  cells,  by  dcli- 

.•  r.i  .11.    The  heart. 

quoacence  or  separation  of  tlio  central  ones.     At 
this  eariy  period,  and  even  before  the  cavity  has  fairly  formed,  pulsation 
may  bo  observed.     The  organ  soon  assumes  a  tubular  tbrm;  and  this, 
j*^  oa.  bocomtng  curved,  as  shown  in  J^t^, 

55,  fliiFercntiates  into  tlirce  coropart- 
ment-s  witli  arterial  ond  vcjious  con- 
nections; 1,  the  venous  trunks;  2, 
the  auricle;  3,  the  ventricle  ;  4,  the 
bulbus  arterioBUB,  The  form  to  Iw 
erentaolly  assumed  is  foreshadowed  in  the  manner  in  which  the  curved 
tube  develops,  the  arch  of  the  curve,  2,  bulging  so  as  to  fonn  a  conical 
▼entricle.  This  tri-cltambered  heart  remains  (>emmncnt  in  fishes,  as  seen 
in  tbB  {veoeiling  figore  (54),  of  which  c  is  the  third  chamber.  But  in  binla 
mbA  mammals,  the  aortic  bulb  merges  into  the  ventricle,  throntrh  which, 
ai  well  as  through  the  auricle,  a  septum  or  partition  is  established,  and 
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tbtu  a  double  Iieazt,  or  one  of  four  dMB- 
bcrs,  arises. 

The  diajrrani,  /Tjr.  50,  represents  a 
double-ciiauibercd  heart,  <i  being  its  tarn- 
clo,  e  the  vcnlricle,  c  e^  the  Tcioa  oonra^ 
in;;  to  the  auricle,  a  the  aorla  or  main  trte- 
rv  |ia*ntiig  from  tlic  vcntricic.  The  coniBe 
of  ihf*  blood  is  indicated  by  the  airoTni, 

The  heart  with  Ibnr  cavities  may  ht 
considered  as  arising  from  the  conjunction 
of  a  pair  of  the  preceding  fomi,  with  ilieir 
cftercnt  and  afferent  lubc«,  or  arteries 
and  veihA,  so  niodiBed  or  amm^^l  tluit 
the  right  heart  receives  ita  blood  troui  the 
stem  in  en  anrielc,  from  which  it  pusses  into  a  vcntnclc,  and  tlicncc  to 
Fia  M.  the  lungs.     From  the  lungs,  after  avratico, 

this  blood  is  brought  to  the  auricle  of  the 
lef^  heart,  thence  into   its  ventricle,  and 
thence  to  the  aorta.    Though  all  four  chan- 
bers  arc  gcncndly  coalcs^-ed  into  one  oonk- 
al  form,  the  heart  of  the  dngong,  J^^,  fi7, 
presents  the  true  typical  strncture ;   E  » 
ti)e  riglit  or  pulmonary  ventricle,  L  iImj 
or  systemic   ventricle,  their  apiccfl 
quite  apart ;  D  is  the  right  or  systemic 
ricie,  V  the  pulmonary  arter}*,  K  the  lefl 
n«in«ruic4»r»ii.  piUmonary  auricle^  and  A  the  aorta. 

J^ff,  68  is  the  anatomy  of  the  human  heart  as  viewed  upon  the  right 
Fit.  to,  side,  the  figure  and  description  being 

from  l)r.  E.  Wilson.     1,  the  cavity  of 
the  right  auricle;  2,  the  apjx^ndix  aU' 
ricuhe ;    H,  tlic   superior  vena    cava, 
opening  into  the   upper  part   of  (he 
right  auricle;   4,  inferior  vena  cava; 
,5,  the    fossa    ovaUs;    the    prominent 
riJge  snm:)unding  it  is  the  annulos 
ovalia;  (j,  the  Eustachian  valve;  7,  the 
oi>cnint;  of  the  coronary  vein ;  8» 
coroiuiry  valve  ;  0,  the  cntmnce  of  1 
auriculo- ventricular   opening;    a, 
ri^^ht  vcntricic  ;  A,  r,  the  cavity  of  1 
right  ventricle,  on  the  walls  of  vehli 
the  colummc  carnem  are  Been ;  c  is  placed  in  the  channel  leading  upward 
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to  the  pulmoiury  artery,  d;  e^J",  the  tricuspiJ  valve :  e  is  placed  on  tlie 
jintcrior  cwrtain,  and  Z"  on  the  right  curtain ;  *;,  the  long  columna  cameo, 
to   tlic  npt?x  of  which  the  anterior  nnd  riglit  curtains  of  the  tricuspid 
valvo  are  connected  l>y  the  chorda?  tendinen;;   A,  the  long  moderator 
Wnd  I   (,  the  two  colummw  eaniea*  of  tlie  right  curtain;  X',  ihc  attach- 
ment by  chordic  tcndinoie  of  the  left  limb  of  tlic  anterior  curtain ;  /,  /, 
cbordn;  tendincit*  of  the  fixed  cnrtain  of  the  valve;  m,  the  valve  of  (he 
pulmonary  artery:  tlie  letter  of  reicTencc  is  placed  on  the  inferior  semi- 
lunar swjnient ;  n^  the  ni)ex  of  the  right  api>endix  uui'iculas  Oj  l)ie  luft 
ventricle;  p,  the  ascendiuc^- aorta ;  ^,  its  aR'h,  with  the  three  arlcriol 
trmiki*  which  aiise  from  the  arch ;  /*,  the  descending  aorta. 

fif/.  oii  exJiibita  tlic  view  of  tlio  organ  on  its  left  side.     Like  the  pro- 
/^  ca.  ceding,  the  figure  and  description 

are  from  Dr.WiJaon.  1,  cavity 
of  the  left  auricle:  the  numlicr 
is  placed  on  that  portion  of  the 
septum  Qtiricularum  correspond- 
ing with  the  centre  of  the  fosaa 
ovalis;  2,  cavity  of  the  appendix 
jjirieulic ;  3,  opening  of  the  two 
rijfht  pulmonary  veins;  4,  the 
sinus  into  which  the  left  pulmo- 
nary veins  open ;  0,  the  left  pul- 
RM  '  inonary  veins;  G,  the  auriculo- 

ventncular opening;  7,  thecoro- 
vein,  lying  in  the  an riculo- ventricular  groove;  8,  the  left  ventriclo; 
the  cavity  of  the  let^  ventricle.  The  numbers  rest  on  the  septum 
riculorum.  tt^  the  mitral  valve:  its  Haps  are  connected  by  chordas 
tendineie  to  A.  A,  A,  tl»e  columna;  camew;  Cf  c,  fixed  colunma*  carneas  form- 
ing port  of  the  internal  surface  of  the  ventricle ;  f/,  the  arch  of  the  aorta, 
from  the  summit  of  which  the  three  artcriid  trunks  of  the  head  and  up- 
per extremities  are  seen  arising;  e,  the  pulmonary  artery;  /\  the  oblit- 
irratetl  ductus  arteriosus  ;  <7,  the  left  pulmonary  artery;  A^  llie  right  ven- 
tricle; i»  the  [joint  of  the  appendix  of  the  right  auricle. 
Externally,  the  heart  is  covered  by  a  serous  membrane,  |)cricardiura, 
Piy^fn.  and  in  its  interior  is  sheathed  by  the 

^^^^^^^^^^^^  endocardium,  an  extension  of  the  inte- 

^^^^^^S^^SBS^^  ^^^  ^^^^  °^  ^^^  great  blood-vessels. 
^^^^m^^^^Mp^^^  Though  its  movements  arc  wholly  in- 
w^^^^^/S^^^^^S^SS    voluntary,  its  muscular  fibres  are  of  the 

tnmsversely  striated  kind.  They  are 
nlMut  one  third  less  in  diameter  than 
those  of  voluntary  muscles  generally, 
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and  arc  csipecially  characterized  by  their  disposition  to  anastomose  with 
one  another,  03  represented  in  Fig*  60.  In  the  ventricles,  the  arnuige- 
mcnt  is  such  that  the  fibres  of  the  external  and  internal  sar&oes  decus- 
sate. 

The  motions  of  the  heart  consist  in  the  relaxati<His  and  contractions  of 
RcUxtti'ons  the  moscular  walls  of  its  cavities.  The  two  auricles  contract 
t^na^f  tho"  ®*  *^®  same  moment,  as  do  also  the  two  rentrides,  but  the 
heart.  contractions  of  the  auricles  coincide  with  the  relaxations  of  the 

ventricles. 

The  course  of  the  blood  tlirough  the  heart  is  this.  The  venona  blood, 
Coumc  of  tho  brought  by  the  ascending  and  descending  cavae,  £owb  into 
Mood  in  th«  fije  right  auricle  as  it  is  dilating,  and  for  the  moment  pushes 
movcmcnu  of  forwaid  to  the  ventricle,  but  the  auricle,  being  of  less  capac- 
the  vtivcj.  \^y  ijj^jj  ^Ijq  ventricle,  is  filled  to  distention  first ;  at  this  in- 
stant it  contracts,  forcing  its  contents  past  the  tricuspid  valve  into  the 
ventricle,  and  fills  it  completely.  The  blood  can  not  regurgitate  into  the 
veins  to  any  extent  while  this  is  going  on,  because  of  the  almost  perfect 
closure  of  their  valves.  The  right  ventricle  now  commences  to  contract; 
its  fioshy  columns  shorten  so  as  to  pull  upon  the  tendinous  cords  attach- 
ed to  the  fiaps  of  the  tricuspid  valve :  this  enables  the  blood  to  get  be- 
hind them,  and  they  quietly  close  the  aperture  between  the  anride  and 
ventricle ;  the  closure  is  not,  however,  under  all  circomBtances,  perfect, 
the  mechanism  being  such  as  to  permit  leakage  or  regurgitation  to  a  lim- 
ited extent.  The  blood  now  rushes  into  the  pulmonary  artery,  passing 
by  its  semilunar  valves,  which,  the  moment  the  ventricular  pressure 
ceases,  shut,  so  as  to  prevent  any  return  to  the  heart. 

Having  passed  through  tho  lungs  and  been  submitted  to  the  air,  the 
blood  now  returns  to  tlic  left  auricle,  wliicli  forces  it  into  the  left  ventri- 
cle, the  action  on  this  side  of  the  lieart  being  the  same  as  on  the  other; 
tlic  mitral  vnlvc,  which  closes  the  oi^tening  from  the  auricle  into  the  ven- 
tricle, is  worked  in  the  same  manner  as  the  tricuspid,  and  the  blood  is 
pressed  into  tho  aorta,  the  semilunar  valves  of  which,  at  that  instant, 
shut  abruptly  with  an  audible  sound,  and  prevent  any  regui^tation.  In 
this  manner  the  distribution  to  the  system  is  accomplished. 

On  both  sides  of  tlic  heart,  as  soon  as  the  auricles  have  finished  their 
contraction,  they  begin  to  dilate,  and  continue  to  do  so  during  the  peri- 
od that  the  ventricles  arc  contracting.  Thus  there  is  an  accumulation 
in  them  when  the  ventricles  arc  ready  to  dilate,  and,  as  soon  as  tliat  oc- 
curs, the  blood  flows  finely  forward  into  tJiose  cavities,  the  complete  dis- 
tention of  which  is  then  acconiphshed  by  the  contraction  of  the  auricles, 
as  before  explained. 

Movomontfl  of  The  modc  of  action  of  the  two  sets  of  cavities  is  different. 
Mj*"niricio*.  ^^'*^  tturiclcs  contract  suddenly,  first  at  the  place  of  junction 
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of  their  Teui5»  tlic  effect  passing  quickly  forward ;  tlic  ventricles  con- 
tnict  more  slowly,  but  simultaneously  in  every  part. 

I>aring  eacli  beat  of  tlio  heart  two  sounds  may  bo  hcurdf  followed  by 
a  silence  The  6rst  sound  is  dull ;  the  second,  which  fol-  Sound*  of  tbo 
Iowa  it  quickly,  is  sharp.  They  may  be  imitated  by  artic-  *"^''*- 
oUting  lUc  syllabled  lubb,  dup.  The  first  is  due  to  the  contraction 
of  the  xnoscular  tibrcs  of  the  ventricles,  and  the  striking  of  the  apex  of 
tbc  heart  against  tlic  wall  of  the  chest ;  to  a  certain  extent,  the  opening 
of  the  semilunar  valves,  aii<l  the  rush  of  the  blood  into  the  pulmonarj* 
artery  and  aorta  contribute  to  it.  The  second  sound  is  due  to  the  shut- 
ting of  the  semilunar  valves  of  the  aorta  and  pulmonary  artor^'. 

At  cacli  contraction  of  the  ventricles  tiie  heart  strikes  against  the  wails 
of  ihc  chest,  usually  between  the  fifth  and  sbcth  ribs,  and  an  inch  or  two 
to  iJie  left  of  the  sternum.  This  motion  is  partly  due  to  the  action  of 
tbo  spiral  muscular  tibrcs  of  the  ventricles,  which  gives  a  lilt  to  the 
'Jwut,  and  partly  to  the  globular  form  which  the  whole  organ  suddenly 
imcs. 

'ho  number  of  pulsationa  made  by  the  heart  differs  verj'  much  at  dif- 
ferent periods  of  lite:  at  birth  it  is  from  130  to  140  per  Kambcrofpul. 
minute ;  at  the  seventh  year,  from  80  to  85 ;  during  mature  »*>«"• 
life,  from  70  to  75;  and  in  old  age,  fiom  50  to  ii't.  In  females  it  is 
snotc  frcTjacnt  tban  in  males.  It  obser>'es  a  gtJieral  relation  with  the 
number  of  re'^jurutir)u».  Hve  pulsations  commonly  occurring  during  one 

Iicapiration.  It  vaiics  with  incidental  circumstances.  During  sleep  it 
declines  in  frequency ;  after  eating,  or  during  exercise,  it  is  quickened. 
Kxamined  from  morning  to  evening,  it  becomes  slower  by  degrees.  Ly- 
ing down,  tiie  pulse  is  slower ;  in  a  sitting  {>osture,  more  frequent ;  and 
«tiU  more  ao  when  standing,  the  variations  depending  on  muscular  exer- 
tion. In  conditions  of  disease,  the  ratio  between  the  number  of  pulsa- 
tioufl  and  re-'^pi rations  is  variable. 
Tho  wails  of  the  left  ventricle  are  twice  as  thick  as  those  of  the  right, 
ftnd  tlie  force  of  its  contractions  is  about  double.     Tlic  ca-  „.    .        a 

stniclarc  ana 

IKtcity  of  tiie  two  ventricles  is  nearly  the  same,  and  is  taken  powur  o(  tiiu 

at  about  three  oimcos.     The  active  force  with  which  the  au-  **  *" 
■  riclcs  dilate  is  feeble,  and  wholly  incompetent  to  exert  any  tiling  like  the 
F  Auction  power  at  one  time  supposed,  yet  that  they  are  not  distended  by 

the  mere  influx  of  the  blood  is  satisfactorily  proved  by  their  dilatation 

afier  the  beort  has  been  cat  out. 

With  respect  to  tho  absolute  force  which  the  left  ventricle  exerts  for 

the  pcopulsioD  of  the  blootl  into  the  systemic  arteries,  it  is  stated  to  be 

13  Iba.     Tills  result  is  derived  from  the  consideration  that  tho  pressure 

of  iJiG  blood  iu  the  aorta  is  about  4  11)s.  3  oz. 

Tiiat  the  motions  of  the  heart  can  not  be  referred  to  the  presence  of  the 
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140  CAUSE  OF  THE  HOTIONB  OF  THE  HEABT. 

CauMofthe     ^^^o*^  Of  any  reflex  action  arising  from  the  cerebro-spinal 
motionB  of  the  system,  but  must  be  attributed  to  the  organ  itself^  is  proved 
""^  by  their  continuance  after  its  excision  from  the  body,  or  era 

after  it  has  been  cut  in  pieces.  Some  have  supposed  that  the  minole 
synipatlietic  ganglia  with  which  it  is  iiimished  are  the  Booioe  of  the  mo* 
tive  power ;  others  are  disposed  to  impute  it  to  a  aelf-contractiie  power 
of  its  muscular  fibres,  irrespective  of  any  nervous  agency.  Of  comae,  it 
is  admitted  by  all  that  the  brain  and  spinal  cord  can  influence  these 
movements,  but  such  effects  arc  supcrad^d  and  not  tmifonn. 

Of  these  opinions,  wc  shall  find  many  reasons  for  preferring  the  first 
when  wc  come  to  the  description  of  the  nervous  mecfaaniam.  It  will  be 
then  seen  that  one  of  the  prominent  functions  of  nerrous  ganglia  of  a  cer- 
tain order,  and  particularly  the  ganglia  of  the  sympathetic,  is  the  storing 
up  of  impressions  they  have  received,  and  thus  becoming  reservoirs  or 
magazines  of  force.  The  power  tlius  engendered  or  contained  in  than 
is  by  no  means  always  delivered  out  in  totality  at  once,  but  it  may  he 
in  small  portions,  at  intcn-als,  for  a  long  time ;  and  doubtless  in  this 
way  the  minute  sympathetic  ganglia  of  the  substance  of  the  heart  retain 
a  power  of  keeping  up  the  motions  of  that  organ  for  a  certain  period  d 
time,  even  though  great  lesions  or  morbid  clianges  may  have  supervened. 
Sucli  a  mechanism  recalls  the  manner  in  which  chronometers  are  kept 
going  during  the  short  time  that  the  action  of  the  main-spring  is  taken 
off  when  the  watcli  is  wound  up. 

2d.  The  arteries  arc  tubes  consisting  of  different  tunics  or  layers  v»- 
Dencription  of  Hously  numbered  by  anatomists,  but  which  may  be  soffi- 
thc  artvnes.  cicntly  described  as,  1st.  Tlie  exterior  tunic,  containing  fibres 
generally  running  lengthwise,  connective  and  elastic  tissue :  it  is  of  about 
tlie  same  thickness  as  the  tunic  below ;  2d.  The  middle  tunic,  character- 
ized  by  being  composed  of  non-striated  muscular  filnres  circularly  ar- 
ranged ;  3d.  The  interior  tunic,  which  is  thin,  and  consists  of  a  cellular 
or  epithelial  layer,  smooth  and  polished,  to  permit  of  the  ready  passage 
of  the  blood. 

TIiG  elasticity  of  the  arteries  enables  tliem  to  sustain  the  sudden  action 
of  tlie  heart  by  distending  to  a  certain  d(^ree  as  the  blood  is  driven  into 
them,  and  by  their  gradual  collapse  when  tlie  ventricles  cease  their  pres- 
sure, the  jetting  or  intermitting  flow  is  converted  eventually  into  a  con- 
tinuous stream.  The  mechanical  influence  of  tlic  heart  is  thus  decom- 
posed into  two  portions :  one,  which  is  of  momentary  duration,  or,  at  all 
events,  lasting  only  so  long  as  the  ventricle  contracts ;  and  a  second, 
whicli  is  occupied  in  distending  the  clastic  arterial  tube;  but  this  por- 
tion is  not  lost  to  the  circulation,  since  the  tube,  as  it  contracts,  yields 
it  back  again  to  the  blood.  The  momentary  impulse  of  the  heart  is  thus 
spread  over  a  considerable  duration  without  loss. 


ACTION'   OP  THE   ARTERIES. 

T!ie  tnuscukrity  of  tlic  arteries  is  bIiowti  l>y  their  contraction  on  c,x- 
Burc,  their  Bobsequcnt  dilatation  being  due  to  their  elasticity,  this  con- 
PtxvctUe  property  being  continued  for  some  time  after  dcalli.     It  is  also 
l|iro%'cd  by  the  great  diminution  of  diameter  which  arteries  exhibit  when 
limdcr  the  influence  of  an  electric  current.     TIio  quantity  of  muscular 
fid  clastic  tissue  in  ditlcrent  arterial  tubes  is  usually  in  an  inverse  pro- 
ion.     In  the  great  arteries  tlic  elastic  tissue  abounds,  in  tlic  Bmuilcr 
'^the  muscular  increases.     liy  their  muscular  coat  the  quantity  of  blood 
in  theae  tubes  can,  within  certain  limits,  be  regulated. 

At  each  injection  of  blood  into  it  an  artery  distends.     It  tbon  con- 
[tracts,  and  thus  gives  origin  to  a  pulsation.     Its  increase  is  Anion  of  the 
jbolii  in  diameter  and  lengtii,  the  tendency  being  to  lift  it  at  "t^rw*. 
leach  pulsation.     The  distention  docs  not  occur  at  the  same  instant  in 
all  thciM;  tubes,  but  those  nearest  to  the  heart  yield  first,  and  the  moro 
distant  a  little  later.     There  is  therefore  what  may  be  termed  a  wave  of 
distention  passing  throughout  the  length  of  each  arterial  tube,  and  an- 
other actual  wave  in  the  blood  itself.     TIicsc  pass  onward  at  diftcrent 
nUca  of  g[«eed.      The  interval  of  wave-motion  from  the  heart  to  the 
rrijtt  ia  about  one  seventh  of  a  second.     Of  course  this  wave-motion  is 
to  be  distinguished  from  the  absolute  movement  of  the  blood,  which  ia 
mncli  slower.     In  the  carotid  artery  the  dow  of  tJic  blood  is  about  one 
foot  in  one  second. 

A  pressure  or  impact,  communicated  to  a  liquid  in  a  long  tube,  is 
transmitted  to  the  more  distant  end  with  vastly  more  rapidity  tlian  tho 
liqnid  itself  could  flow  through  the  same  distance.  Thus,  if  we  \verc  to 
•Oppose  a  very  long  metnl  tube  to  be  filled  completely  with  water,  its 
two  ends  liaving  lieen  tightly  closed  by  lying  |)icce3  of  bladder  over 
tiian«  the  tap  of  a  finger  on  one  of  the  pieces  of  blatlder  would  be  almost 
instantly  felt  by  a  finger  laid  on  the  other.  Indeed,  it  has  been  pro- 
posed to  establish  telegrapliic  communication  on  this  principle,  though 
each  attempts  would  prove  abortive  from  the  interference  of  collateral 
carcumatanc^^  This  example  may  serve,  however,  to  illustrate  the  es- 
sential diflcTcncc  betwtTii  the  flow  of  a  liquid  in  a  tulfc  and  the  passage 
of  a  piiUalion  tlirough  suclt  a  liquid  contained  in  smOi  a  tube. 

The  capillaries  may  he  regarded  as  tubular  continuations  of  the  arte- 
ries and  tJie  comnipnccmcnt  of  the  veins.  Thev  ramifr  „  ,.,  , 
ummgh  the  organic  structures.  Tlicy  are  of  pretty  unifurni 
diamrtcr,  and  may  theretbre  be  looked  upon  as  cylinders.  Their  usual 
■UEC  is  sIkjuI  j-^-;^  of  an  inch  ;  their  mode  of  distribution  varies  with  the 
■trnclure  and  functions  of  the  part  they  occur  in :  thus,  in  muscles  they 
mn  |»rallcl ;  in  the  pnpitlie  they  arc  looped. 

They  consist  essentially  of  a  delicate  structureless  membrane,  analo- 
gous to  cell  membrane,  and  the  sarcolcmnia  of  voluntary  muscles.     It 


The  intcTspncea  between  adjacent  capillftrics  vary  nrach  in  size  and 
Sbc  of  Inter-  shape,  llie  Utter  variation  being  de{x*ndcnt  on  tbe  mo^  of 
^*™**  distrilnition,  whether  parallel,  reticulated,  looped,  Ac;  as  lo 

aize^  in  the  liver  tho  interspaces  arc  of  less  diameter  than  the  eapillaries, 
in  the  choroid  cont  still  smaller,  but  in  tho  cellular  coat  of  (ho  ftrtcries 
they  nrc  ten  times  lar^r  than  the  vcsscU.  These  intcrstiti/d  £>pacca  arc 
nourished  by  the  matter  which  exudes  through  the  th!n  wulls  of  the  cap- 
illariea. 

Fku  ca.  Fig,  63  represents 

the  capillary  circtiU- 
tion  in  the  web  of  the 
fnvrV  foot :  a,  venoiiB 
trunk ;  6,  ft,  bntncbea 
ofvenous  trnnk:  f^c^ 
pigment  cell*.  The 
elliptical  blood-discs 
are  seen  in  oatliite  in 
the  interior  of  the  ves- 
sels. 

The  blood  flows 
tlirough  the  capillar 
ricrt  in  an  uninterrupt- 
ed etrcam,  its  jetting 
motion  being  entirely 
lost,  Tlie  rate  of  cir- 
culation through  the 
systemic  capillaries  is 
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;en  at  three  inches  per  mimite,  that  througli  the  pulino-  jf„,ion^tj,g 
being  five  times  as  quicks  the  length  ot'  the  capillar)'  tube  h\>Md  in  tiie 
paaacd  ^  of  an  inch,  so  that  the  {mssago  from  the  ar-  ^^  "'^ 
^yio  the  vein  niay  be  accompUshed  in  1ph3  tlian  one  second.  It  is  to 
remarked,  however,  that  tUl  parts  of  tlic  cylindrical  stream  do  not 
ovc  with  equal  rapidity.  Those  parts  wliich  are  nearest  to  the  wall  of 
us  vessel  are  sjmkeri  of  as  the  still  layer,  from  their  tardy  movement. 
is  in  this  that  the  white  eorposcJea  may  be  seen. 

p-'j-  M.  J^i^.  64  shows  a  portion  of  a  small 

I  vessel  from  a  frog's  foot:  rt,  a,  red  blood 

eUiptie  cells,  occujtying  the  axis  of  the 
vessel,  and  exterior  to  them,  moving 
more  slowly,  or  occupying  the  still  lay- 
er, the  white  spherical  cells ;  i,  0,  nucle- 
ated epithelium. 

4th.  The  veins  have  a  stmcture  in 
some  respects  dilfcrent  from  ti,,  vfin*: 
that  of  the  arteries.     Their  ti"ii'»truaurc. 
il'-'JoA  l^KMPyfw— '    .   elastic  coat  is  by  no  means  so  much  d&- 

veloi)ed,  and  their  muscularity  lesa  dis- 
tinct.    With  the  exception  of  those  of 
mriiitc  wrpn-'dM  In  the  rtiu  layer.  th©  lungs,  abdominol  viscera,  and  braiii) 

Elielr  interior  is  furnished  with  valves  of  single,  double,  or  triple  ilaj)3,  in 
U  instances  opening  toward  the  heart.  Thii  blood  ilows  wjuably  in 
phcm,  the  pulsating  action  of  the  ventricles  having  disappeared  in  the 
^pillarics.  Since  they  present  an  nggregntc  capacity  two  or  three  times 
hat  of  the  arteries,  the  motion  of  the  circulation  in  them  is  proportion- 
iJly  slower.  7*7^.  Go  is  a  diagram  showing  the  manner  in  which  the 
ralvcs  open  when  the  blood  flows  in  the  course  indicated  by  the  arrows. 

f*7.  CS.  


\  nlvt.  \i{  vctiiK  o;>iM. 


VaIviu  of  TtllU  >hlU. 


Pz^.  G6  shows  their  application  to  each  other,  or  to  the  sides  of  the  vein, 
ind  the  consequent  bulging  of  that  vessel  when  the  current,  as  indicated 
>y  the  arrows,  is  in  the  opfiosite  direction. 

Having  now  described  the  structure  and  action  of  the  heart,  the  arte- 
iea,  capillaries,  and  veins  respectively,  as  far  as  is  necessary,  it  remains 

group  those  actions  together,  and  present  the  theory  of  the  circulation 
it  one  view. 

But,  before  enlerine  on  this,  it  is  proper  to  offer  an  ar-  Errnrofihedoo- 

IT-  ,    ,  t       -    t      •   .        T.        .11    iri»e  that  the 

ument  agamst  the  doctrme  of  those  physiologists  who  still  ji^^rt  U  ih«  wio 
nintaiu  that  the  circulation  is  wholl v  dependent  on  the  heart,  *■*"*".  **f  "'■  '=^'- 
no  that  that  organ  is  entirely  competent  to  carry  it  on. 
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ACnOX   OP  THE   QEART. 


The  majority  of  the  circaUtiona  ve  examine  in  oi^iamc  forms  are  «e- 
comptished  without  any  heart.  Plaiita  have  none ;  tishes  have  no  m- 
icniic  heart ;  oven  in  uian»  at  the  first  period  of  embryonii;  cjtLstcncc,  tlicrc 
is  no  such  central  organ  ;  in  his  adult  condition  the  portal  circuialiou  bis 
nonf.  The  current  of  hlooU  in  the  capillaries,  seen  under  the  microscope, 
cxhil)it3  no  jetting  movements,  but,  on  the  contrary-,  a  steadioen  of 
Sow,  sometimes  for  long  in  one  clianuel,  then  a  ccaaation,  then  pcdupt 
a  rL'trogradalion,  and  tlien  a  new  {uith.  It  looks  as  though  the  Uool 
was  flowing  spontaneously,  and  not  by  any  force  acting  behind.  Thr 
heart  of  an  animal  may  be  suddenly  cut  out,  and  yet  tlie  capillar}'  motiaa 
may  go  on  in  the  same  direction  as  before.  After  death  the  arteiiftl 
tubes  arc  moat  commonly  fuund  empty :  a  result  which  ia  a  mechankal 
Lin]>os8ibility  on  the  supposition  that  the  heart  alone  drivca  the  bloo^ 
but  which  ensues  as  a  necessary  consequence  if  the  capillaries  draw  it 
In  acanliac  monsters  the  blood  circulates  without  difficulty,  and,  though 
it  was  at  one  time  supposed  that  in  these  twins  the  liearted  fwtus  drove 
the  blood  ihrougli  the  hearllcss  one,  this  is  now  demonstrated  not  to  be 
the  ease.  Tlic  circulation,  moreover,  varies  locally,  and  at  special  epochs, 
OS  in  the  development  of  the  generative  organs,  the  mammary  glands,  tlw 
flow  to  the  erectile  tissues.  Ubi  irrilatio  ibi  fluxus  Is  an  old  medical 
aphorism,  and  these  local  variations  arc  incompatible  with  the  action  of 
one  central  unvaning  force.  In  cases  of  f^pontaneoas  gangrene,  it  some- 
limes  occurs  tliat  ttie  circulation  through  tiie  part  liaa  declined,  while  the 
capillaries  ore  oil  oj>en,  as  subsequent  examination  proves.  The  applica- 
tion of  cold  to  a  ]ULrt  checks  the  circulatioa  tlirough  it,  and  this  not 
through  ary  contraction  of  the  vessels  ;  so,  likewise,  doe-s  a  jet  of  carbon- 
ic acid  gas  directed  ujwn  them.  3lorcovcr,  any  retardation  in  the  supply 
of  air  to  the  lungs  restrains  the  circulation,  and  this  not  aloue  in  tbe 
pulmonary  vessels,  but  also  in  the  systemic  capillaries,  produdog  an  iih 
crcased  pressure  in  the  arterial  tubes,  a  diminished  one  simultaneotiair 
occurring  in  tlic  veins ;  and  if,  in  the  various  eases  now  mentioned,  tbe 
propulsive  action  of  the  ventricles  can  not  be  Relied  on  to  explain  the  dit- 
lioulties,  neither  can  any  supposed  suction  or  exhausting  action  of  the 
auricles.  When  a  ligature  is  tied  ronnd  a  vein,  the  action  of  the  auridu 
is  cut  off,  but  the  vein  distends  l)eyond  the  obstruction,  showing  that 
there  is  a  force  acting  from  the  capillaries.  I'lexible  tubes,  sucli  as  are 
those  vessels,  would  at  once  collapse  under  the  exertion  of  a  very  modo^ 
ate  suction  ]X)wer,  far  less  in  intensity  tluui  would  be  nccessaxy  to  draw 
the  blood  in  the  veins. 

In  spasmodic  asthma,  and  in  all  pulmonary  congestions,  tlie  right  side 
of  the  iicart  circulates  the  blood  witii  difliculty  through  the  lungs,  show- 
ing the  existence  of  a  great  obstrucfion  to  its  inoliou  tlirough  the  pulmo- 
.lary  cnpiliaries.     An  examination  of  the  condition  of  the  various  por- 
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[tionB  of  the  circulatory  apparatus  after  death  presents  facts  utterly  inex- 
I  plicable  on  tlic  doctrine  of  tlie  sufficiency  of  tlic  licart,     I  have  already 
I  mentioned  tlie  empty  state  of  the  systemic  arteries ;  to  this  may  lie  add- 
ed what  is  often  witnessed — the  distended  condition  of  the  pulmonary 
'  artery,  into  whirii  the  blood  has  Ixsen  forced  by  the  expiring  beats  of  the 
right  ventricle,  but  has  been  unable  to  get  through  the  pulmonary  capil- 
1  laxieft  because  of  the  cessation  of  respiration;  but  in  other  cases,  where 
[respiration  has  come  to  an  end  more  ti*anquilly  or  slowly,  the  left  auricle 
'is  fiill  of  blood,  which  must  have  been  driven  into  it  by  the  pulmonary 
capillaries.     In  sudden  death,  as  by  hanpng  and  drowning,  the  right 
heart  is  excessively  distended,  as  is  also  the  pulmonary  artery. 

I  might  ])rocced  to  add  to  these  otlier  facti^  exhibiting  locjil  variations 
of  the  supply  of  blood  in  the  pcriodiritics  of  the  system.  There  is  a  cer- 
tain amount  sent  to  tlic  bniin  during  the  <lay,  and  a  less  during  the  re- 
pose of  the  niglit ;  in  the  muscular  system,  during  the  time  of  its  action, 
the  quantity  demanded  is  greater ;  in  its  state  of  inactivity,  less.  A  con- 
stant and  invariable  acting  macliinc,  such  as  is  the  heart,  could  by  tio 
possibility  adjust  these  vorialdc  supplies.  But  the  cases  here  oftered  are 
more  than  enough,  and  it  remains  to  be  added  that,  though  not  one  of 
them  can  be  explained  on  the  doctrine  of  tlic  sufficiency  of  the  heart, 
there  is  not  one  which  docs  not  follow  as  a  noceasary  consequence  of  the 
doctrine  now  to  be  presented. 

On  this  view. 

The  left  ventricle  of  the  heart  impels  the  blood  into  all  the  KxpiunttMoor 
aortic  branches,  any  backward  rcgui^itation  into  tlie  auricle  tiiu  circuUUoa 
being  iTrc^T-nted  by  the  shutling  of  the  mitral  valve;  the  "  '  " 
force  employed  is  decomposed  into  two  portions,  one  part  exerting  au  in- 
stantaneous efl'cct  on  the  blood  in  pressing  it  fonvard,  and  ceasing  in- 
stantanconjsly,  and  thus  giving  origin  to  the  pulse;  the  second  distend- 
ing the  arterial  tubes,  but  not  being  lost  thereby,  since  their  elasticity 
cauacs  them  to  contract,  and  the  semilunar  valves  at  the  origin  of  the 
aorta  being  at  this  period  shut,  a  steady,  onward  pressure  is  exerted  on 
tlie  blood;  so  llie  fjuickly-ending  action  of  the  ventricle  gives  origin  to 
two  distinct  mechanical  results — a  sudden  impact  and  a  conlumous  press- 
ure. This  suifficca  to  bring  the  blood  to  tho  arterial  origin  of  the  capil- 
laries, and  beyond  that  point  the  action  of  the  heart  may  be  considered- 
not  to  extend. 

I  The  relation  between  the  intcr3i)aces  of  the  capillaries  and  tlie  blood 
thus  introduced  to  them  continues  tlie  cmTcnt.  Ttm  particular  motlc  in 
which  this  relation  is  miuiifcsted  dilferH  in  different  partH.  The  oxidiz- 
ing arterial  blood  has  a  high  affinity  for  those  portions  that  have  become 
wasted:  it  effects  their  disintegration,  and  then  its  affinity  is  lost.  The 
rious  tissues  rcijuire  re].«air;  they  liave  an  ailinity  for  one  or  other  of 
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the  circulation  is  conducted  in  the  following  mannerr 
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the  constituents  of  the  blood ;  tliey  take  the  material  they  need  and  thdi 
affinity  is  satisfied ;  or  secreting  cells  originate  a  drain  upon  the  Uood, 
and  the  moment  they  hare  removed  from  it  the  substance  to  be  secreted, 
tliey  liave  no  longer  any  relation  with  it  So  processes  of  oxidation,  and 
processes  of  nutrition,  and  processes  of  secretion,  all  conspire  to  draw  tbe 
current  onward  from  the  arteries,  and  to  push  it  out  toward  the  Tons; 
and  though  these  processes  may  present  themselves  in  many  various  as- 
pects, they  arc  all  modifications  of  the  same  simple  physical  principle. 

The  blood  lias  now  reached  the  veins,  and  is  forced  onward  in  them  hj 
the  ^>owcr  that  has  thus  originated  in  the  capillaries.  The  influence  of 
the  heart  is  here  unfclt,  the  exhausting  action  of  its  right  auricle  is  nn- 
appreciable,  and,  thus  pushed  onward  from  the  capillaries,  it  reaches  the 
heart,  completing  its  systemic  or  greater  circulation.  This  circulatioii 
may  tlicrcforc  be  said  to  be  due  to  the  high  affinity  which  arterial  bbod 
lias  for  the  tissues,  venous  blood  having  none ;  and  the  action  of  the  beut 
is  confined  to  the  filling  of  t!ie  arterial  tubes,  and  presenting  &esh  pw^ 
tions  of  blood  to  the  capillaries. 

Arrived  at  the  right  auricle,  the  blood  flows  continuously  into  it  and 
the  right  ventricle  for  a  moment,  but  the  ventricle  holding  more  than  the 
auricle,  the  latter  cavity  is  fully  distended  first.  At  that  instant  it  con- 
tractsi,  llie  valves  in  the  veins  shutting,  and  tlie  blood,  driven  thus  fordUj 
into  the  ventricle,  distends  it  to  the  utmost.  The  ventricle,  in  its  tum, 
now  contracts,  tlie  tricuspid  valve  shutting,  and  the  blood  issues  forth 
through  the  pulmonary  artery,  its  valves  then  closing.  At  this  moment 
an  event  occurs  which,  in  these  descriptions,  is  generally  overlooked — an 
action  analogous  to  that  of  the  hydraulic  ram.  On  the  shutting  of  the 
tricuspid,  the  whole  column  of  venous  blood  would  be  brought  to  a  stop 
if  the  tubes  containing  it  were  unyielding,  and  a  great  force  would  be  gen- 
erated from  this  stopping  of  its  momentum  ;  but  the  auricle  is  ready  to 
dilate,  and  into  its  cavity  tlie  blood,  which  would  be  otherwise  checked, 
flows.  I  consider  that  this  safety  action  of  the  auricle  is  one  of  its  prime 
functions.  The  rapidity  with  which  the  dilatations  and  contractions  are 
taking  place  furnish  no  argument  against  the  occurrence  of  this  action. 
I  have  a  hydraulic  ram,  the  pulsations  of  which  may  be  so  adjusted  as 
to  exceed  greatly  in  frequency  those  of  the  heart,  and,  indeed,  to  give  rise 
to  a  low  murmuring  sound,  and  yet,  under  these  circumstances,  the  lat- 
eral force  is  so  great  as  to  throw  a  column  of  water  more  tiian  forty  feet 
high.  If  it  were  not  for  the  dilatability  of  tlie  auricles  and  their  yield- 
ing texture,  the  veins  would  burst  on  the  shutting  of  the  tricuspid  valve. 

Tlie  ramiBcations  of  the  pidmonary  artery  bring  the  blood  to  the  cap- 
illaries of  the  lungs,  but  beyond  that  the  influence  of  the  heart  is  not  felt, 
for  now  the  physical  principle  heretofore  described  comes  again  into  ac- 
tion.    The  venous  blood  has  a  high  affinity  for  the  oxygen  of  the  air,  an 
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affinity  wbich  is  siUisfiet!  ns  soon  as  tlic  Wood  presents  itsc]f  in  Ihe  cells 
of  the  liings.  Artcrializatiou  bein^  accomplished,  the  portions  to  bo 
changed  exert  a  pressure  on  those  timt  li.ivo  changed,  and  the  blood,  mov- 
ing forward  in  the  pulmonary  veins,  reaches  the  left  auricle  of  tho  heart. 

For  a  moment  it  jwiases  uito  the  left  auricle  and  ventricle  eontinnonsly, 
but  the  auricle,  being  of  less  eapocityt  fiUa  iirst.  It  contrncta  as  soou 
u  it  is  completely  full,  and  drives  its  contents  into  the  left  ventricle,  dis- 
tending it  to  the  utmost.  The  ventricle  now  contracts,  shutting  the  mi- 
tral valve,  and  the  ram-li!^c  action  is  repeated  on  this  side  of  tho  lieart. 
But  the  blood  expelled  from  tho  ventricle  is  urged  into  tho  aorta,  its  force 
being  deeomposod,  as  before  described,  one  part  wrting  instanfancnnslv 
as  an  itnpact  on  the  blood,  the  other  on  tlie  arterial  walls,  and  on  the 
first  moment  of  tlic  recession  of  tho  walls  of  the  ventricle  the  semilu- 
nar valves  of  tlic  aorta  shut,  and  tliis  act  completes  one  tour  of  the  cir^ 
culation  of  the  blood. 

In  this  description  I  have  said  nothing  of  tho  circulation  in  the  sub- 
stance of  the  hcjirt  itself,  since  it  would  have  led  to  a  needless  complica- 
tion. It  should  be  rcmenil>ercd,  as  an  illustration  of  the  working  of  the 
physical  principle  here  explained,  that  the  motion  of  the  blood  is  contrary 
in  the  gnyiter  and  less  circulations,  compared  together.  In  the  former, 
Ihc  current  is  from  the  crimson  to  the  blue,  in  the  latter,  from  the  blue 
to  the  crimson  side. 

The  action  of  t!ic  heart  is  thei-efore  limited  to  the  (iUing  of  the  arterial 
tubes,  so  as  to  present  to  the  capillaries  a  constant  supply  of  corrtci  8t«t*- 
blood.  There  seems  to  be  but  little  suction  force  exerted  meni  of  th« 
by  the  auricular  cavities  for  the  emptying  of  the  vciiLs.  Tho  *  *'"  °°* 
valvular  construction  of  these  vessels  economizes  ever}'  pressure  that  tho 
muaclca  may  exert  on  them  in  favor  of  tho  circulation,  for  every  sncli 
pressure  must,  by  reason  of  the  %-aIvcs,  force  the  blood  onward  to  the 
heart.  This  is,  however,  only  an  incidental  result  of  the  same  character 
as  the  inilucnce  which  the  motions  of  respiration  exert.  They  may  be 
properly  overlooked  in  a  general  statement  of  the  causes  of  the  circulation. 

By  regarding  the  affinity  between  tlie  blood  and  tho  tissues  with  which 
it  is  in  contact  as  the  great  primary  cause  of  the  circulation,  ^-^,^01^  f^cu 
we  assign  a  reason  for  those  varions  phenomena  which  can  supporting  ihi* 
not  be  accoiuitcd  for  on  llarvey*?  doctrine:  the  motions  in  '^*** 
the  embryo;  the  jjeriodic  and  local  variations;  the  portal  circulation; 
the  clianges  in  the  current,  as  soeu  under  the  microscope ;  the  movement 
in  the  capillaries  afYer  the  lieart  is  cut  nut ;  t!ie  enii)ty  condition  of  llie 
arteries  after  death  ;  the  phenomena  of  ncardiac  fa-tuses ;  local  infiam- 
nmlions  and  congestions ;  the  gangrene  of  parts  while  their  capillaries 
are  jK-rvious;  t!ie  retardation  of  tlie  current  on  the  ajiplication  of  cold  or 
(f  carbonic  acid  gas;  the  results  of  asphyxia  and  death  by  drowning  or 
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han^g ;  tUo  changes  of  pressure  in  tlio  arteries  and  TcinB  respoctivelr 
during  a  ciicck  on  the  respiration ;  llie  vis  a  tcrgo  of  the  veins ;  the  effects 
of  a  ligature  on  those  vesiela;  the  action  of  irrespiiable  gases  when 
breathed,  and  tho  opposite  conditions  when  oxygen  gas  or  protoxide  of 
nitrc)gcn  aro  nscd. 

Among  the  elriking  proofs  of  the  truth  of  tliia  doctrine,  that  the  pri- 
mary cause  of  the  cinnilation  is  tlic  aeration  cf  tlie  l^oo<],  I 
would  particularly  direct  attention  to  the  cfi'<xts  which  en- 
sue in  the  moment  of  birth  at  the  tirst  lireath.  That  intercom municatioa 
between  the  two  sides  of  the  heart,  established  through  tho  foramen  oralo 
and  through  the  ductus  arteriosus,  is  suddenly  put  an  end  to.  But  this 
U  not  through  any  change  in  the  mccluinism  of  the  hcjxrt  itself  nor  be- 
cause of  any  interruption  in  the  action  of  the  placenta.  It  is  solely  lo* 
cause  of  the  calling  into  operation  of  the  principle  we  liavc  been  lu-re  en- 
forcing. Through  ihc  contact  of  the  cold  air,  or  other  causes  which  mi^ 
be  assigned,  the  inspiratory  muscles  make  their  first  contraction  and  dia- 
tL*nd  the  lungs.  At  that  instant,  the  commencing  artcrializiition  produces 
a  "pressure,  in  the  manner  I  have  explained,  of  tho  venous  upon  the  now 
artcrialize<l  blood  in  tlie  vessels  of  the  pulmonary  cells.  There  is  no 
other  possible  issue  to  such  an  action  than  an  instant  drain  upon  the 
heart.  The  pulmonary  or  leas  circuhition  sets  in  with  full  vigor.  The 
blood  is  not  driven  by  the  heart  to  the  lungs,  but  drained  by  the  loB^^ 
from  the  heart.  If  it  were  the  heart's  action  tliat  occ.asioncd  tliis  sudflB 
increase  of  force,  because  of  the  strain  tlirown  tipon  it  through  the  shut- 
ting oflf  of  tho  influence  of  tlio  placenta,  it  is  inconceivable  why  the  cur- 
rent should  not  continue  to  move  tlirough  tJie  great  avenues  already  opeu 
to  it  &om  the  right  to  tho  left  auricle  through  tlie  foramen  ovale,  and 
from  the  right  ventricle  into  the  aorta  through  tho  ductus  arteriosus. 
The  arrest  of  its  motion  through  these  channels  distinctly  establi^ius  that 
the  scat  of  the  new  action  is  in  tlio  lungs,  and  the  final  closure  of  the 
foramen  aud  shriveling  of  the  duct  eonlinn  the  correctness  of  this  con- 
clusion. 

Though  it  docs  not  strictly  belong  to  the  subject  now  under  consid- 

fttion,  1  can  not  avoid  impressing  on  the  reader  tho  suddenness  of  tlie 
'effect  that  thus  ensues  on  tho  taking  of  the  tirst  breath.  It  in  a  crisis  io 
the  history  of  development.  Of  those  cliangt'S  by  crisis  nmch  more  will 
be  said  in  the  second  book,  and  their  important  bearings  on  the  the<iry 
of  physiology  pointed  out  It  is  enough  for  the  present  purpose  to  com- 
mend to  the  attention  of  those  naturalists  who  deny  that  physiological 
crises  ever  occur,  the  facts  wliich  have  been  considered  in  the  preceding 
paragraph. 

A  doctrine  which  accounts  with  simplicity  for  such  a  long  list  of  rois- 
ccllaneons  facts  commends  itself  to  our  attention  at  once.     There  are. 
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f  Icwever,  considerations  of  a  still  weightier  character,  which  must  compel 
OB  to  adopt  it.  The  alTinity  between  tlic  Wood  and  the  parts  with  wliiclt 
it  ia  brought  in  contact  is  a  chemical  fact  beyond  coiilradictioiu  The 
pressures  atid  motions  I  have  been  speaking  of  follow  aa  the  inevitable 
consequences  of  that  affinity.  Wo  can  not,  therefore,  gainsay  their  ex- 
istence in  the  linng  mcclianism,  and  the  only  doubt  we  can  enTertain  is 
fts  to  whether  tliey  arc  of  competent  power  to  produce  all  tlio  effects  be- 
fore us.  Bnt  after  what  has  lipcn  already  said  respectuig  the  energy  of 
cndosmotic  movements  displayed  against  pressures  of  mauy  atmospheres, 
we  may  ab&ndon  those  doubts;  and  since  we  have  Iierc  a  force  of  uni- 
versality enough,  and  intensity  enoujrh,  and  in  every  instance  acting  in 
the  right  direction,  it  would  be  nrpiiilosophicnl  to  look  farther,  since  such 
a  force  musty  under  these  conditions,  exist  in  tlie  physical  necessity  of 
the  case. 
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fllUjrfillfi'iM  mtmrbiea  md  renrarea  aerial  Smltftaiicai, —  Ottikmxnte  ^  Ra^iiratory  md  Urinary 
r  in  /TaAet. — Pkyncal  and  eAemieed  Omdirions  of  Bay/imtion,^Iiatrttitiai  MovtiMtOs 
fSUkUf  TJqmdM,  attd  GaM»,—CoMStwH  of  £jtm£brmm  in  the  IM^itntm  t-f  Gant^. —  Om- 
'  AcAm  tf  Utmbnmeji. — FormM  ^  StjffiinWiry  J/fcAonwwi.—  Tfte  L/angt  vf  Man.—' 
Tkrm  ShtytJt  iit  ike  Inttvlfctioa  of  Air :  AtHtoMphrrie  J^estmrry  D\0'tuion  ^  (>aae>,  end 
OaaJauiUUm  tg  ^fanbrtma. — fCxcfttlrt^e  of  i^triioniti  Arid/or  Oiypm. — Dmnoiu  of  the  Con- 
ttmtA  ^  tht  Lft'j'. —  VoriatioHM  ut  thg  eipired  Air. — BrmornI  of  Wotrr. — Efftrt  of  imtptrvt- 
klf  tiaaes. — ErjimmuttM  ttf  limputuk  and  BtUKl, — iS'envua  Ir^jtvatct  ameantd  i»  He^nraliim. 
— Htmtk*  of  lieytiration. 

Since  it  is  essentially  necessary  to  tlic  life  of  all  animals  that  the 
blood  ahould  pass  to  cverj-  i>art  of  the  system,  provision  must  Ohj-ru  of 
be  made  for  iccuring  aeration.  The  breathing  apparatus  is  the  "•P'Ttttiou. 
flkin,  or  some  coctension,  reflection,  or  modification  of  it. 

Besides  the  great  duty  of  originating  the  circulation,  respiration  is  con- 
nected with  others  of  equal  importance.  Tlie  functional  activity  of  the 
nervous  and  muscular  tissues  is  dependent  on  their  oxidation,  and  this 
implies  the  introduction  of  air.  In  each  tribe,  moreover,  it  is  necessary 
to  kcf  p  the  temperature  up  to  a  specific  ]>oint.  This  also  is  accomplished 
liy  oxidation,  either  of  llio  disintegrating  material  which  is  passing  to 
waste,  or  of  combustible  substances,  such  as  sugar  or  fat. 

All  organic  mati'.rial,  at  its  death,  eventually  gives  origin,  -.    .  M«*iett 
ondcr  the  action  of  the  air,  to  two  products  with  wliich  the  orUaiH  loai*' 
fhnciion  of  respiration  is  mainly  concerned.     These  products  ""*P"**  '• 
aic  carbonic  acid  and  water.     Witli  the  exception  of  gelatin,  the  other 
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respirator}-  elements  of  food — fat,  sugar,  starch,  &c.,  yield  these  two  pro- 
ducts alone.  The  nutritive  elements  give  rise  to  nitrogenized  compounda 
in  addition.  The  conditions  of  life  are  such  that  carbonic  acid  can  not 
be  permitted  to  accumulate  in  the  system,  and  means  hare  therefoze  to 
be  resorted  to  for  its  remoral.  The  introduction  of  oxygen  and  excre- 
tion of  carbonic  acid  are  accomplished  by  the  same  mechanism,  the  Inngs, 
the  action  of  which  is  dependent  on  a  physical  piinciple. 

Under  its  simplest  condition,  respiration  consists  in  the  passing  of  caz^ 
ReBpiration  is  Iwnic  acid  with  the  vapor  of  water  from  the  system,  and  the 
connect«d  with  reception  of  oxvgen  in  exchange.  The  constmction  of  the 
porous  matter  apparatus  wliich  accomplishes  this  double  duty  in  atmos- 
("^'y-  pheric  animals  is  such  that  it  can  deal  with  substances  in 

the  aerial  state  alone.  Notliing  con  be  introduced  through  the  Inngs  or 
escape  therefrom  except  it  be  in  the  gaseous  or  vaporous  form.  All 
those  products  of  disorganization  wliich  arc  not  presented  under  this  con- 
dition must  therefore  be  removed  by  other  organs,  and  this  is  more  par- 
ticularly done  by  the  kidneys. 

*  But  in  aquatic  animals,  as  in  fishes  generally,  there  is  not  this  restric- 
Coaie»ccnce  of  tion  Or  concentration  of  function,  for  the  gill,  being  in  contut 
Ind^S'wToZ  ^'^^^  water,  offers  a  channel  for  the  passing  away  of  many 
guu  in  tishes.  products  of  wastc  wluch,  from  their  non-aerial  state,  could 
never  escape  through  a  lung,  and  so  I  regard  this  organ,  the  gill,  as  in  a 
measure  sharing  the  duty  of  a  kidney  m  eliminating  nitrogenized  and 
perhaps  saline  matters.  Comparative  anatomists  have  long  recognized 
that  the  so-caUed  kidney  in  fishes  approaches  in  character  the  Wolffian 
bodies  largely  developed  in  the  fcctal  condition  of  man.  I  am  disposed 
to  believe  tliat  the  physical  interpretation  of  this  depoids  on  the  &ct  now 
before  us,  and  that  the  gill  in  fishes,  and  the  placenta,  in  part,  in  mam- 
mals, discharge  at  once  the  double  office  of  a  respiratory  and  urinary  or- 
gan. It  is  consistent  with  tlie  scheme  of  organic  design  that  there  should 
be  this  separation  and  concentration  of  function  as  development  takes 
place. 

These  considerations  would  therefore  lead  us  to  expect  that  we  should 
find  in  the  respiration  of  air-breathing  animals  that  function  in  its  purest 
and  least  complicated  form,  and  this  is  accordingly  the  case.  If  it  be 
merely  the  skin  that  is  relied  on,  as  in  the  low  orders  of  aerial  life,  or  if 
the  mechanism  be  constructed  on  the  type  of  carrying  the  air  to  the 
blood,  as  in  insects,  or  that  of  carrying  the  blood  to  the  air,  as  in  num, 
the  operation  consists  essentially  in  the  escape  of  carbonic  acid  and 
Btcam,  and  the  reception  of  oxygen  in  return. 

Bespiration,  like  circulation,  furnishes  us  vrith  a  signal  instance  of 
the  employment  of  purely  physical  principles  for  the  accomplishment  of 
physiological  purposes.     It  is  with  the  pressure  of  the  atmosphere,  the 
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diffusion  or  gases,  and  the  comlcnsiri";  action  of  inetnbraaes,  ».,,_, 

t  1  11        (fit  •  •  1  n»y»tf»l  prin- 

that  we  Ituvc  now  to  dcaU  X  heac  give  us  so  precise  and  j>cr-  cipi«  kigaon- 
spicttous  an  esijlanation  of  the  act  of  breathing  that  it  is  ^Ji^'j'„"*"!;j^' 
needlesfl  to  look  beyond  them ;  yet  on  that  act  depend  the  ns|iinitor}^  m- 
itighest  operations  of  Hfe.  In  ihU  {tarticular  tlic  Scriptures  ^""^ 
have  summed  up  ilie  deductions  of  modem  physiology  in  a  single  line — 
no  metaphorical  expression,  but  the  simple  assertion  of  a  truth:  He 
***  lirentbed  into  his  uostiila  tlic  breath  of  Itlo,  and  man  became  a  liWng 
aotil." 

Of  the  physical  prinriplcs  now  to  be  dealt  with,  it  is  unnecessary  to 
aay  any  tlung  respecting  the  pressure  of  the  atmosphere,  since  that  13 
mU  understood;  but  not  su  with  the  phenomena  of  the  ditfu.siuii  of  gas- 
es, and  the  condensing  nctiun  of  memliranes.  Though  tliese  are  subjects 
which  Imve  been  particularly  examined  by  American  physicians,  the  facts 
they  haTTC  elicited  arc  little  known  abroad.  Kor  example,  the  error  of 
Valentin's  statement  respecting  the  diffusion  exchanges  of  carbonic  acid 
and  oxygen,  and  the  uselessness  of  the  elaborate  discussions  which  have 
origiiiate<l  therefrom,  would  at  once  have  been  recognized,  had  attuitiou 
been  directed  to  the  facts  devclo]>ed  here  almost  twenty  years  ago. 

lutrrstttial  motions  are  exhibited  by  solid3,  Htjuids,  and  gases.  I 
luve  had  occasion  to  examine  Roman  silver  coins,  from  the  int«ntUtiai 
interior  of  whieli  the  cop|>cr  originidly  present  had  made  its  3i*u«id Uq- 
Lirmy  oat  to  the  surface,  forming  the  greenish  incrustation  w*!*- 
luiown  OB  patina  by  anti<[uarian3,  the  silver  being  left  almost  pure.  In 
fpCAkbg  of  absorption  by  tlic  blood-vessels  in  Chapter  VI.,  we  had  oc- 
coaion  to  dwelt  U])on  the  same  propensity  as  shown  by  liquids,  the  eu- 
doiiniosis  of  Dotrochct  being  an  example  of  it.  The  ready  mobility  of 
tliU  group  of  Iwdica,  arising  from  their  diminished  cohesion,  greatly  pro- 
mcktea  these  eflccts.  llr.  Doyle  collected  a  nuu)ber  of  cases  of  solid  movo- 
SDcuts  in  his  tract  on  the  languid  motions  of  bodies. 

Gaacs  and  rapors,  by  reason  of  their  total  want  of  cohesion,  present  the 
most  striking  examples  of  these  effects.  Their  propensity  to  intermin- 
gle with  eudi  otiicr  is  manifested,  even  though  ihcy  be  obliged  to  pass 
liirifugh  cre\  ices  or  winding  jKissages.  One  of  the  iirat  inslunees  to  which 
attention  was  directed  occurred  under  the  obacrvation  of  Dr.  rriwiIPT't  ob- 
Priestley,  who  fonnd,  on  passing  steam  through  nii  earthen  ^j^eji'd^^^^ 
tulw  placed  in  a  furnace,  that  air  would  be  dL-livcrcd  at  tho  ofgM«. 
farther  end«  For  some  time  he  supposed  that  this  cx|)eriment  demon- 
strated the  conversion  of  water  into  air  by  a  great  heat,  but  eventually 
Iraoed  it  to  its  proper  cause — the  escajw  of  the  steam  outward  through 
tho  pores  of  the  earthen  tube,  and  the  intrusion  in  the  opposite  direc- 
tion of  air  from  the  furnace.  This  singular  ex|ieriment  may  be  well 
ahowo  by  attempting  1o  pass  steam  tlirough  a  red-hot  tobacco-pii)e^  tho 
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end  of  which  dips  bciicath  some  water.     A  torrent  of  gas  bul)l>l«3  wiH 
escape. 

Air.  Dalton  demonstrated  tlmt  if  a  liglit  gas  be  pUced  alwvo  a  hca^T 
Dftlton'iutpcr-  gas  in  a  suitable  apparatus,  tbo  former,  notwithstanding  iia 
levity,  will   dosceudt  and   the   latter,  notwithstaiidiiig  its 
weight,  will  riiie,  and  n  complete  and  uniform  intcrmixtme 
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will  result.  By  audi  experiments  he  wa-s  led  to  believe  that 
gases  act  as  vacua  to  one  anotlicr,  and  correctly  cxphiined  the 
uniform  composition  of  iheatniosplicre  on  this  property  ofdlf- 
^ion,  or  tendency  of  its  constituents  to  intermix. 

Thus,  if  a  vial  tilled  with  iirdrogen  be  placed  with  its 
mouth  downward  over  the  mouth  of  a  ^nal  of  the  samo  aize 
containing  carbonic  acid  gas,  as  shown  at  A,  r,  J^ig.  67,  in  the 
course  of  a  few  moments  the  diBusion  will  be  complete,  and 
if  the  mixture  in  eitbcr  vial  be  examined,  it  will  be  found  to 
contain  erjuni  quantities  of  the  gases. 

Professor  (indium  extended  Dr.  IVicstley's  observations  on 
Orahinn'i  ex-    ^^^^  passago  through  porous  barriora.     The  sul^ 
pcrlnciiuirltb  stance  he  chiefly  emjiloycd  was   a  mass  of  dr^"* 
pl.iBter  of  Paris.     This  enabled  him  to  prove  that 
in  the  case  of  different  gases  difiusion  takes  place  at  different 
rates,  wbicli  are  dependent  on  the  density  of  the  gas.     Per- 
haps the  most  satisfactorj'  method  of  illustrating  this  class  of 
Difibsion         results  is  by  taking  a  porous  earthenware  cup, 
thro<l^hpo^oul  Q  (L,  ^iff,  68,  such  as  is  used  in  Grove's  voltaic 
**"■     battery,  drying  it  perfectly,  and  cementing  into 
its  mouth  an  open  glass  tube,  6,  three  quarters  of  an  inch 
in  diameter,  and  a  foot  or  more  long.     A  wide-moutlied  bot- 
tle, c  c,  being  placed  aa  a  temporar)'  cover  over  the  porous 
cup,  it  m-iy  be  filled  witli  hydrogen  gas  by  displacement ; 
and  if  the  end  of  the  glass  tube  be  put  into  water  contained 
in  a  rcsenoir,  d^  the  water  will  rusli  up  the  moment  the 
bottle  is  removcfL    Wlien  this  motion  is  completed,  if  a  jar 
of  hydrogen  be  held  over  the  porous  cup,  the  water  will  be 
driven  down  with  great  rapidity,  and  a  number  of  air-bub- 
bles quickly  escnpe.     The  extrnordinary  sjiccd  with  which 
a  gas  will  flow  in  and  out  of  pores  coidd  not  bo  better  dis- 
played.    This  rapidity  of  motion  is  an  clement  with  which  Dm!!5.,7rihk.«g)i 
the  jjhysiologist  has  to  deal,  as  we  shall  presently  hnd.  «ni)M)*Mt 

Kvcn  when  the  texture  of  the  substance  is  much  closer,  and  the  pores 

niffoirion      of  extreme  minuteness,  similar  results  can  be  obtained,  as  was 

iliroutili  In-  shown  in  tlic  experiments  of  Dr.  Mitchell,  of  Philadcljihia,  who 

employed  thin  sheets  of  India-rubber.     If^  over  the  mouth  of 
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jjass  bottle,  such  a  thin  tissue  be  tightly  tied,  and  the  bottle  placed 
in  an  atmosphere  of  carbonic  acid  gas,  movement  at  once  takes  place,  a 
little  air  flowing  out  of  the  bottle  into  the  carbonic  acid,  and  so  large  a 
pfyio.  quantity  of  ihe  acid  passing  the  opposite  way 

that  the  India-rubber  soon   swclU  outward, 
and  eventually  caps  the  bottle  like  a  dome,  as 

,  ,  ^^^^mn     *"  '^^'  ^^*  *'  ^*     *^'  if  the  conditions  be  ro- 

Df  I  ^^^^Vl  versed,  the  bottle  being  iillcd  witit  carbonic 
acid,  and  then  exposed  to  the  atmoflpiierc,  the 
India-rubber  will  be  deprcs3cd,  aa  at  a,  and 
stretch  so  aa  almost  to  sink  to  the  bottom. 
Such  experimcnta  therefore  prove  that,  even 
though  borriera  of  a  very  close  texture  should 
intcncne,  gases  will  puss  tlu-ougli  them,  and 
with  BO  much  force,  as  Dr.  ilitciicll  sliowcd,  that  many  inches  of  mercury 
may  be  liAed,  nor  does  the  movement  cease  untd  the  gasea  on  both  sides 
of  the  membrane  have  the  same  composition. 

Other  substances  having  a  close  texture  may  be  thas  readily  pennea- 
tcd.     I  found  that  a  little  bladder  of  shellac,  blown  on  Iho  Experimrnu 
end  of  a  ghifis  tube,  permitted  the  passage  of  the  vapor  aris-  J^/jJ'^'^]^,^ 

ins:  from  water  of  ammonia.  The  "id*, 
instantaneousncss  of  these  motions  is,  how- 
ever, most  beautifully  illustrated  by  employ- 
ing soap-bubbles,  the  liquid  nature  of  which 
excludes  the  idea  of  pores  in  the  strict  accepta- 
tion of  that  term.  If  a  bottle,  a  rt,  J^i</.  UK  be 
rinsed  out  with  ammonia,  and  then,  liy  means 
of  a  piece  of  glass  tube,  6  i,  a  aoajj-bubble,  tr, 
bo  blown  therein,  the  air  from  the  bubble  be- 
ing immediately  drawn  into  t!ic  mouth  with- 
out a  monicnt's  delay,  tho  strong  ttiste  of  tlie 
ammonia  is  perceived.  Or  if  a  rod,  dipped  in 
hydrochloric  acid,  be  presented  to  tho  projecting  end  of  the  glass  tube, 
copious  wliite  fumes  Hrise.  Tliis  therefore  shows  tliat  vapors  will  pass 
through  barriers  having  no  proper  pores,  the  transit  taking  place  instan- 
taneously. 

Soap  films  enable  us  to  demonstrate  the  cndosmosis  of  gases  in  a  very 
advantageous  manner,  owing  to  their  cohcsivencss  and  tbiimess.  If  the 
finger  be  dipped  in  soap-water,  and  then  rapidly  passed  over  tlic  mouth 
of  an  empty  bottle,  so  as  to  leave  a  horizontal  film  attaclied  across,  on 
exposing  the  bottle  to  carbonic  acid  gas,  the  horizontality  of  tlie  film  is 
immediately  disturbed,  and  it  soon  swells  up  into  an  almost  spherical 
dome.     Or  if  tho  bottle  be  filled  with  carbonic  acid,  and  then  exposed 
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to  tlic  air,  the  iUm  is  promptly  depressed  Into  a  deep  concavity,  and 
bursts.  By  these  inethodti  the  passage  of  all  kinds  of  vttjKtrs  and  gas« 
may  be  demonstrated,  oxygen,  hydrogen,  carbonic  acid,  protoxide  of  ni- 
trogen, the  vapors  of  peppermint,  Invcjidcr,  and  various  essential  oik 

By  many  experiments  on  such  dit^erent  subataoces,  1  found  that  the 
Uwofw  uiiii^  '*^  ^^  equilibrium  fnr  gusea  and  vapors  is  ibe  same  as  for 
liuin,  an>i  ex-  liquids.  No  matter  U'liat  the  thickness  or  thinness  ofapo- 
ttiupeio  1^  ^^jg  barrier  may  be»  movement  takes  plaec  through  it,  un- 
til the  media  on  its  opposite  stiles  havo  the  same  chemical  composition. 
The  observed  action,  in  jjartlcular  cases,  will  tliereforo  altogether  dcpesd 
on  the  cirnimstonces  under  which  the  experiment  is  made,  A  fiO^>-bab- 
blc  fall  of  carbonic  acid,  exposed  to  the  oir  in  a  closed  bottle,  coUi^acs 
only  to  a  certain  extent,  when  the  prccntagc  constitution  of  the  air  it 
contains  is  tbc  same  as  that  of  the  air  in  the  bottle,  contaminated  witli 
the  carbonic  acid  wlueli  the  bubble  has  yielded  it.  But  if  the  babblebe 
exposed  to  the  free  atmosphere,  it  collapses  almost  completely,  for  now 
the  carbonic  acid  escapes  tinolly  away. 

One  of  tho  most  interesting  facts  connected  with  these  results  is  the 
Ai-tio  throu-h  1*^^*-'*^'  manner  in  which  a  film  of  excessive  tenuity  willdi»- 
ninu  uf  ex-  charge  these  mechanical  functions.  With  a  litllc  care,  a 
rsnic  Ml  y.  j^j^^  ^j^^.  1^  obtained  so  thin  as  to  be  invisible  except  in, 
certain  lights,  when  it  presents  a  velvety  black  asiK?ct,  In  this  condi- 
tion, as  Newton  has  proved,  it  is  not  thicker  than  three  eightlis  oi'a 
millionth  of  an  inch,  yet  endosmosis  takes  place  perfectly  throngh  it:  it 
ex[>unds  and  collapses,  rises  up  into  a  dome,  or  is  depressed  into  a  eoti- 
cavity,  an  the  circumstances  of  its  exposure  may  1h%  And  tliis  sbould 
prepare  uh  to  admit  that  in  organic  tissues  of  tho  utmost  degree  of  tenu- 
ity these  physicid  jihenomena  may  occur,  and  tliat  even  under  these  most 
uidikcly  circumatances  such  tissues  may  give  origin  to  mechanical  forces 
of  the  greatest  intensity,  as  we  shall  now  prove, 

Graham's  law  of  tho  diifusion  of  gases  has  but  a  very  limlteil  physio* 
Inapi.licabiliiy  ^^^P*^  applicjition.  The  introduction  of  it  in  eases  to  which 
i>r(iraiiam'«  it  (locs  not  pro|>eTly  apply  has  led  to  several  errors.  There 
'^^'  13  nothing  common  in  tlio  result  of  the  movement  of  gases 

exposed  freely  to  one  another,  and  exposed  with  the  intrr^-ejition  of  a 
close-pored  tissue.  The  tissue  itself  gives  origin  to  mechanical  fopoe  of 
ancli  intensity  as  not  only  to  modify  tlio  diffasion  rate,  but,  in  a  groat 
many  of  the  most  important  uises,  absolutely  to  invert  the  direction  of 
the  motion.  Thus,  tlirough  a  stucco  plug,  in  which  the  porej  are  of 
sensible  size,  atmospheric  air  passes  more  rapidly  to  carbonic  acid  than 
carbonic  acid  does  to  it,  but  through  the  thinnest  tilra  of  water  just  tlic 
reverse  takes  place,  A  bnbblc  full  of  that  acid,  exposed  to  the  air,  lets 
it  escape  with  so  much  rapidity  that  in  a  few  moments  a  complete  col- 


FORCE  OP  PASSAGE  TKKOrGII  MEltBRAXEB. 


153 


lapso  lias  occurred.     If  the  law  of  diffusion  Iicns  Iii'ld  good,  tlie  babble 
•bould  mpidly  dUleml. 

Jloist  mcnil»rancs  nnd  films  of  water,  by  reason  of  their  chemical  affin- 
ity for  gascoas  substances,  nnd  their  consequent  condensing  (<onOenBinc»c- 
acbon,  become  the  origin  of  great  mccimnical  power.     Under  tiwi  «f  mwii- 
mnA  oonditiond,  I  have  seen  carbonic  acid  pass  into  atmos-      "**' 
pheric  air,  driven,  as  it  were*  by  the  fiction  of  the  membrane  against  a 
presatirc  of  ten  atmospheres,  and  sulphurcted  hydrogen  against  a  pres- 
sore  of  twenty-five  atmosphc-rcs,  and,  even  against  these  great  resistances, 
tlie  passage  is  accomplished  with  so  mucli  promptness  as  to  lead  to  the 
inference  that  a  membrane  will  cause  otic  gas  to  diifusc  into  another,  even 
Uioogh  the  apparent  resistance  be  indefinitely  gi-cat. 
Fif.'t.  In  J^fff.  71  is  given  a  representation  of  tlie  arrangement  by 

which  these  results  were  obtained.  It  consists  of  a  strong 
glass  tube,  seven  incites  or  more  in  length  and  lialf  an  inch  in 
diameter,  hcmieticaUy  closed  at  one  end,  tlirough  which  a  pair 
of  platina  wires,  ft,  f,  \yasB  into  the  interior  of  the  tube  jiar Jlel 
but  not  toudiing.  The  other  end,  a  «,  has  a  bp  or  rim  tunuH,! 
on  it.  Bet^vceri  the  platina  wires,  a  gauge-tube,  </,  is  dropped, 
to  show  the  amount  of  condcnsalion.  On  the  top  of  the  gimge- 
tube  a  small  tcst-1u!ic,^.  is  placed,  to  contain  a  reagent  suited 
to  the  gas  under  trial,  as  lime-water  for  carbonic  acid,  acetate 
of  lead  for  sulphureted  hydrop-n,  litiims-water  for  sulphurous 
acid.  Sometimes,  instead  of  this  test-tube,  a  piece  of  paper, 
soaked  in  the  proper  reagent,  was  employed-  The  Mflmmraofiha 
large  tube  was  then  filled  witli  water  to  the  height  fon-oofinni- 
C  e.  Its  lip  or  rim,  a  a,  being  next  smciux^d  with 
bomt  India-rubber,  to  insure  absolute  freedom  from  leakage, 
a  tliin  siiect  ot*  India-rubber  was  tied  tightly  over  it,  and  over 
tliis  again,  to  give  strength,  a  very  stout  piece  of  silk.  Kvery 
thing  being  thus  arranged,  tlie  projecting  wires,  i.  c,  were  connected  with 
a  voltaic  pile,  decomposition  of  the  water  ensued,  oxygen  and  hydrogen 
being  disengaged,  and  a  condensed  mixture  of  atmospheric  air  and  tlioso 
gaaes  accumulated  in  the  space  a  a  e  e,  the  gange-tubc  showing  the  ex- 
tent to  which  the  condensation  !iad  gone.  Now  if  the  little  tube,^,  had 
been  filled  previously  with  lime-water,  and  the  wliolc  ammgcment  was 
introduced  into  a  jar  of  carlxinlc  acid  gas,  the  upper  part  of  the  lime- 
water  presently  became  milky,  and  after  a  time  a  copious  prccipitato  of 
carixmatc  of  Lime  subsided.  Tliis  would  reacUly  take'  place  when  the 
gm^  was  indicating  a  pressure  of  ten  atmospheres.  In  like  maimer, 
wfaen  a  piece  of  paper  imbued  with  carbonate  of  lead  had  been  introduced 
into  tlie  tube,  and  a  pressure  of  24|  atmospheres  accumulated,  on  intro- 
ducing the  Lustrumeut  into  a  vessel  of  sulphurcted  hydrogen,  the  paper 
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quickly  became  browiu  So  sulphuretcd  hydrogen  can  pass  through  ft 
sheet  of  India-rubber  and  diffuse  into  an  atmosphere  of  oxygen,  hvdirj- 
gen,  and  atmospheric  air  beyond,  though  it  is  resisted  by  a  pres&nxc  eqnil 
to  that  of  800  loot  of  water. 

The  method  of  condensation  here  employed,  because  of  its  freedom  Jrom 
mechanical  concussions,  enabled  me  to  continue  these  researches  up  to 
pressures  of  50  atmospheres  without  leakage,  in  comparatively  Mender 
tulies,  and  even  under  these  circumstances  gaseous  dillUsiou  Hcemcd  to 
take  place  without  any  rcstrauit. 

It  wotUd  lead  rao  too  far  from  my  pri'sent  object  to  pursue  the  eon- 
Genoral  tact*  ^idcration  of  these  facts,  and  I  must  therefore  be  content  to 
^mmtrrtiHi  wub  refer  the  reader  to  the  memoirs  in  whicli  they  have  been  spo* 
QuuMi.  cinlly  discussed.*     It  is  sufiicieiit  to  understand,  IsL  Tlurt 

ga^es  simply  exposed  to  eacli  other  intcr-diffuso  with  great  rapidity,  and 
at  a  rate  inversely  proportioned  to  the  square  root  of  their  densities ;  2i 
That  the  same  takes  place  through  stuccn  plugs,  or  diaplmigms  with  open 
jH)rc3 ;  3d.  That  a  gas  dissolved  in  a  liquid,  or  held  in  a  condensed  state 
by  a  solid  mass,  will  exchange  by  inter-diffusion  with  any  atmospfaere 
to  which  it  may  bo  exposed,  in  these  cases  the  liquid  or  the  solid  mass 
becoming  a  source  of  force :  4th.  That  through  a  liquid,  which,  of  coaree, 
has  no  pores,  gases  arranged  ou  its  opposite  sides  will  diffuse,  but  ^t^ 
rate  is  no  longer  exjire^scd  by  Graliam's  law;  .5th.  That  a  liquid  hold- 
ing a  gas  in  solution  pcmiits  it  to  diffuse  with  another  gas  held  by  lO- 
othcr  liquid  in  solution. 

On  tlie  first  of  these  principles,  the  iVcsIi  air  of  the  bronchial  tubes  ex- 
changes with  the  respired  air  of  tlic  pulnionar}^  cells,  the  case  being  that 
of  a  gas  exposed  to  a  gas.  On  the  tliir<l  of  tliese  principles,  arterialiKa- 
tion  of  the  blood  takes  place,  the  case  beuig  tliat  of  a  dissolved  gas  cx- 
clianging  with  a  free  gas ;  and  on  the  fifth  of  these  principles,  aquatic  or 
gill  respiration  depends,  the  case  l>cing  that  of  a  di.-'solved  gas  exchang- 
ing witli  another  dissolved  gas. 

Under  its  simplest  aspect,  the  act  of  breathing  consists  in  tlic  elimlna- 
Twion*  form  ^^^^  ^*'"  ^-''^bouic  scid  froiu  the  system,  and  the  introduction 
of  no|>inttQr}'  of  oxygen.  The  manner  in  which  the  respiratory  saj&ce 
iiierinumm.  f^Qcs  itself  from  the  former,  and  secures  new  supplies  of  the 
latter,  differs  very  greatly.  In  the  lower  orders  which  lead  an  aquatic 
life,  currents  arc  cstabhshed  in  the  water  by  the  aid  of  ciliary  motion,  and 
by  tliese  the  necessary  changes  arc  made.  In  others,  in  which  respira- 
tion is  conducted  by  the  skin,  incessant  locomotion  is  relied  on;  and 
again,  in  otliers,  the  water  is  drawn  into  the  stumach  and  intestinal  ctuud, 
and  every  part  bathed  with  the  aerating  medium. 

In  insects,  the  type  of  carrj'ing  air  to  the  blood  is  developed  to  the  ut- 
*  AiuoricAn  Journal  of  Mcdicol  Sciences,  Mar,  1838. 
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moat  degieCt  ttcrc  bcinj  great  numbers  of  tracheal  tuljes  pcnading  all 
the  soft  parts.  These  occaaioually  prcaent  dilatations,  acting  as  reser- 
Tcurs — tlio  tbresluulowing  of  tho  respirator)'  cavities  of  the  higher  tribes. 
Of  such,  Fiff.  72,  representing  the  air-sacs  or  tracheal  dilatations  of  the 
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liortoram,  is  an  illustration.  The  tracheal  tubes  Rw,pirajion  of 
Dtnunicate  with  the  cxtei-nal  air  through  openings  which  '"»»«»»■ 
niajbe  obslmctwd  by  a  valvular  arrangrnicnt,  as  represented  in^i^?.  73. 
The  photograph  tirom  whicli  tliis  iigure  was  taken  shows  sucli  a  Fpiracle 
magnified  75  diameters.  Tliese  organs  may  be  seen  arranged  in  rows 
on  c*ch  side  of  the  body  ;  thus,  in  the  eotnmon  caterpillar,  there  arc  ten 
pairs.  The  mode  of  guarding  the  orifice  %'aric3  in  different  cases,  somc- 
txmcB  tofts  of  hair  being  resorted  to,  and  sometimes,  as  in  tho  Hgoic, 
Ives. 

true  lung  is  first  recognized  in  the  swimming  bladder  of  fishes  as 
n^niple  sael     In  t!ie  car]>.  the  tendency  to  a  multi-ehanibcred  coiistruc- 
tioa  aJready  appears  under  the  form  of  two  such  bladders,  a,  b^  conimuni- 
'V**-  ^  eating  with  each  oth- 

er througli  a  narrow 
tube.  These  are  oon- 
nectwlwithtlicoesopli- 
agua,  £»,  by  means  of 
the  pijie  c  d^  tho  Hah 
being  tlins  enabled  to 
reniove  at  pleasnTo  a  part  of  the  air  contained  in  the  sacs  by  muscular 
compression.  Though  this  mechanism  is,  as  we  hare  said,  a  radiment- 
arj-  lung,  it  does  not  properly  subserve  the  duty  of  such  an  organ,  but  is 
employed  for  producing  variations  in  tlie  spccitic  gravity  of  the  animal 
by  compression  or  rarcthction  of  the  included  air.  In  these  Rrt,,ir»iion  of 
tribes  the  gilU  arc  the  mechanism  for  aeration,  which  is  ao  '^>'"^' 
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cotnplishcd  in  the  following  manner:  The  mouth  is  periodically  filled 
with  water,  which  is  driven  ]>ast  the  gills  by  muscular  compression*  and 
tljeroby  tl»e  carbonic  acid  is  removed  from  the  blood  which  circulntcs  in 
those  organs,  and  oxygen  is  obtainwl  in  return.  For  this  reason,  a  tUli 
dies  vcTj-  quickly  when  its  mouth  is  kept  open.  The  angler  knows  that 
it  is  not  owing  to  any  \o»s  of  blood,  nor  to  any  injurious  lesion  tltut  tlii: 
hook  may  cause  but  simply  to  suffocation,  the  water  no  longer  lifting  the 
gill  covers,  but  merely  passing  out  through  the  oj^cn  mouth. 

The  experiments  of  Humboldt  and  l*rnvcn9al  clearly  demonstrate  tlw 
nnalog)'  between  aquatic  and  aerial  red])in)tions;  for  water  is  not  de- 
composed by  the  breathing  of  fishes :  it  is  the  air  dissolved  in  it  that  is 
used.  In  the  pampio  examined  by  tlie.«e  chemista,  there  waa  20.3  per 
rent,  of  its  volume  of  air,  consisting  of  oxygen  29.8,  nitrogen  66.2,  awl 
carbonic  acid  4.0,  m  the  hundrctl  parts.  After  the  fishes  Irnd  remained 
in  it  for  a  due  time,  it  still  contained  17.6  per  cent,  of  its  volume  of  air, 
but  this  in  100  parts  now  consisted  of  oxygen  2.3,  nitrogen  C3.9,  and 
cirlwnic  acid  IVXS,  There  liud  therefore  lieon  a  consumption  of  oxygca 
and  evolution  of  carbonic  ncid,  together  wilh  a  slight  removal  of  nitrogen, 
this  Ixtirig  the  general  result  v.ime33ed  in  aerial  respiration.  In  a  sim- 
ilar cour?o  of  experiments  on  the  livalhing  of  gold  ti^liea, 
made  by  myself,  the  result  corresjwnds  to  the  preceding 

itemcnt,  only  the  water  T  used  was  richer  tn  oxygen  gas, 
nd  tlio  trani^position  into  carbonic  acid  did  not  seem  by 
any  means  to  be  so  complete.  I  abo  remarked  the  same 
diminution  in  the  quantity  of  nitrogen,  but  am  dlB|H)8ed  to 
attrilmte  it  not  so  much  to  the  consumption  of  tlsat  gas  by 
the  fishes  as  to  its  diffusion  fi*om  the  water  into  the  atino- 
gphcro,  the  solvent  power  having  clianged  by  the  substVn- 
tion  of  ciu-lwnie  acid  for  oxygen- 

In  reptiles  the  lung  presents  the  sac-like  form,  as  in  P'iff. 
Rmplnition  of  75,  a  ]}uIinonary  artery  passing  on  one  side, 
npuios.  „j,(|  ^  jnihnonary  vein  returning  on  the  otiicr: 

a  is  the  traclica;  6,  its  bifurcation;  e,  pidmonary  artery; 
rfi  flf,  pulmonary  vein.  It  often  occurs  tli^t  the  two  lungs 
arc  not  equally  developed,  one  of  them,  Tt,  being  rudiment- 
ary as  compared  with  the  other,  .\.  Into  such  a  sac  in  scr- 
jx^nts  the  air  is  forced  by  muscular  contraction,  a  kind  of 
swallowing.  It  is  ex|»clled  from  them  by  the  contraction 
of  the  nlxlominal  muscles,  and  hence  the  hissing  sound 
which  it  emits  daring  its  expulsion.  From  the  simple  8f.c 
to  the  cellular  lung  the  advance  is  made  by  degrees,  a  de- 
velopment nf  parietal  cells  upon  the  inner  surface  taking 
place.     At  the  intermediate  stage,  between  the  simple  sac    Uiag  of  rri^tua. 
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the  btghl)'  subdivldccl  rcspinitoiy  organ  of  tho  mnmmab,  tho  condi- 
tion of  things  is  well  iUustrated  by  the  lungs 
of  tho  frog.  In  Fi^.  70,  a  ia  the  liyoitl  appa- 
ratus; h,  cortilA^nous  ring  at  the  root  of  the 
lungs ;  c,  the  pulmonary  vcssela ;  and  (/,  (/,  tho 
pulmonar}'  sacs. 

Of  all  tril)e3,  tho  respiratory  mcchanisni  \i 

most    higlily   dcvelo^wd   in   birds,  Bcfpimtion  at 

which,  besides  being  provided  with  '''^■ 

lungs,  have  nir-sacs  between  the  muscles,  and 

rcspiratorj'  membranes  spread  on  tiic  interior 

of  the  hollow  bones.     It  is  in  consequence  of 

I    « -^^npiggg^ip^       tjiig  (i,;it  a  bird  is  killed  so  readily,  even  by  a 

^^^       Lngttfftvtf.  very  email  shot,  since  it  is  scarcely  possible  to 

^^pe  a  perforation  into  any  part  of  the  body  without  opening  the  rcspi- 

TEtory  cavity. 

In  man,  the  broncliial  tulje,  as  it  passes  into  each  lung,  brandies  forth 
like  a  tree,  the  walls  of  the  tubelets  thus  arising  having  car- 
tilaginous rings  to  preserve  their  form  under  compression, 
drcuUr  organic  muscular  fibres  to  enable  them  to  contract,  and  lon^tn- 
gitnclinal  fjtsces  of  elastic  tissue  to  shorten  them  after  extension.  In 
their  iuterior  (hey  are  covered  willi  mucous  membrane  j)rovided  with 
cilia.  When  the  proper  degree  of  minuteness,  about  ^  of  an  inch,  ia 
reached,  they  consist  alone  of  clastic  membrane,  interspersed  with  mus- 
cular fibres,  and  upon  their  sides  the  air-cells  open ;  sometimes  single 
«mC!A,  or  sometimes  many  cells  communicating  witli  one  another,  discharge 
ihitragh  tlic  same  orifice,  the  tulM.'let  itself  ending  in  a  cell.  The  air- 
R!U«  have  various  dimensions,  from  -^  to  yj^  of  an  inch.  Their  struc- 
larc  ia  like  xhaX  of  tho  (ubelet.  The  pulmonar\'  capillaries  are  spread 
to  closely  npon  them  that  the  spaces  between  them  are  leas  than  their 
own  tltamcters,  whicli,  on  an  average,  arc  ^^inr  °^  '^  inch.  As  the  cells 
Hm|  dose.  ti>};cther,  the  blood-vessels  passing  between  thorn  are  brought 
^^BBOmmuitieation  with  the  air  on  both  sidc^,  and  arterialization  is  thus 
rapidly  and  completely  performed.  Each  tubelet,  with  tho  air-cells  thus 
cinattfod  npon  it,  is  a  mininlure  representation  of  the  lung  of  a  reptile. 
Thew  cells  tliomaolvesi  communicate  by  Literal  ajwrturcs  with  one  an- 
other. Tlic  membrane  which  lines  their  interior  is  sharply  folded  at  the 
apcrtvrcft)  and  there  arc  reasons  for  supposing  that  it  contains  organic 
mgflBtthr  fibres.  It  is  stated  that  each  terminal  bronchus  has  nearly 
20.000  ftir-ceUs  clustcrwl  npon  il,  and  tliat  the  total  number  is  600 
milliona. 

The  mode  of  distribution  of  the  air-tubes  is  represented  in  ^iy,  77. 
a  is  Ihe  Uryns  j  b  6,  the  trachea,  tVie  upper  letter  corresiK)nding  to  the 
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cricoM  cnrtilftgo;  f,  the  left  bronclias ;  (7,  tlic  right  broDcbas ;  «,j^^.it8 
ram  ifi  cat  ions  in  the  right  Inng^jJ;  A,  t»  ramifications  of  the  left  bron- 
chus in  the  left  lung,  i*  k. 


IIUIIMTI  A^.tUbtA 
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J^iff.  78,  arningcincnt  of  the  heart  and  lungs,  the  latter  in  port  section. 
1,  left  anricle  of  the  heart;  2,  right  auricle;  3,  left  ventricle;  4,  ri^it 
TcntTicle;  5,  pulmonary  artery ;  6,  aorta;  7,  superior  vena  cava;  S,in- 
roniii)ata;  9,  Ii*ft  primitive  carotid;  10,  left  subclaYian, ;  11,  12,  upper 
rings  of  trachea  and  c-artilagoa  of  tlio  larynx;  13,  nppcr  lobo  of  right 
lung;  14,  upper  lole  o!*Icft  lirng;  15,  right  pulmonair  orteiy;  16, 16» 
lower  lobes  of  lungs. 

J^^iff,  79  illustrates  the  manner  ti 
distribution  of  blood-vessels  OQ, 
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Aa  the  blood  to  bo  arterialised 
passes  through  the  puhnoriary  capil- 
laries, its  discs  can  only  move  in  eia' 
gic  files,  and  even  then  prolwbly  un- 
dergo a  compression  which  cJmngcs 
their  form.  As  soon,  however,  as 
they  escape  into  the  larger  vessels, 
their  elasticity  enables  them  to  recov- 
»iMrii»u«.or«.piiuri«..n  M.^.N..fib,h,n».^  er  tlieir  original  shnpe. 

By  the  aid  of  this  ehiborately  congtrueted  mechanism  tlie  air  is  brought 

ThimitARMiii  ^'^  *'*^  blood.     There  are  three  distinct  stages  through  whidt 

ihfl  introduo     it  has  to  ]>asa.     The  first  is  tlic  filling  of  the  trachea  and 

larger  rami6ealions  of  t lie  bronchial  tubes:  this  is  acoom- 

plifhc  1  by  atmospheric  pressure,  brouglit  ijito  play  by  muscular  contT*> 
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The  second  stage  U  the  translation  oftlio  frcsli  air  from  tlie  latter 
Iiial  lubea  to  tlie  ultimate  nir-cells:  this  is  accomplished  on  the 
jiK;  of  gaseous  dlifusion.  The  tliird  stage  is  the  passage  from  the 
lU  into  the  blood :  this  is  through  the  wall  of  the  cell,  the  wall  of 
ilood-vessci,  and  the  sac  of  tlic  blood  disc;  it  involves  ]Ki8sagc 
gh  mejnbrancs,  and  implies  thi-ir  condensing  action.  KucU  of  ibuso 
stages  we  have  now  to  consider. 

:  The  introduction  of  fresh  air  into  the  trachea  and  larger  ramifi- 
ks  of  the  bronchial  tubes  is  accomplislicd  hy  muscular  Tiipeff^iofHf 
iction,  whicli  calU  into  operation  ulniospheric  pressure.  rrrMun)  of  iho 

''  i-espiration  the  diaphragm  is  nearly  sufficient  for  *"' 
■  [^  This  musclr,  forming  the  convex  floor  of  the  chest,  as  soon 

contracts,  assumes  more  ne-arly  a  plane  fignrc,  thereby  increasing 
intent  of  that  cavity;  and,  just  as  in  a  common  bellows,  when  the 
boacrd  U  depressed,  the  air  tiows  in  tlirough  the  pipe,  so,  on  the  de- 
of  llio  diajdiragm,  the  air  Bows  in  through  the  trachea,  forced  by 
ctcnml  pressure 

An  e?cpcrimcntal  illustration  of  the  manner  in 
which  the  air  is  introduced  into  the  cavity  of  the 
lungs  by  the  descent  of  the  floor  of  the  chest, 
and  llicn  exjK'lIcd  hy  its  elevation,  is  represented 
in  J''i(/.  80,  in  which  a  a  is  a  tube  of  glass  half 
an  iiicli  or  more  in  diameter,  and  six  or  eight 
inches  long,  to  the  lower  end  of  which  a  blad- 
der, A,  is  tightly  attached.  The  tube  is  passed 
through  the  neck  of  a  bell-jar,  c  t\  air  tight.  A 
large  glass  reservoir  of  water,  filled  to  the  height 
(/  </,  receives  the  bell-jar,  as  shown  in  the  tigure. 
When  the  jar  is  depressed  in  the  water  the  air 
is  ex|Kllcd  from  the  bladder,  and  when  iJie  jar 
is  raided  the  air  flows  in.  By  nltcmately  ele- 
vating and  depressing  the  bell,  the  bladder  exe- 
cutes movements  like  those  of  the  lungs,  of  which, 
indeed,  it  is  a  repreficntation;  the  glass  tube  be- 
ing the  trachea,  the  bell-jar  the  walla  of  the  chest, 
and  the  rising  and  falling  water-level  the  rising 
Tn  tliis  illustration  the  bladder  is,  of  course,  pcr- 
passivcos  was  at  one  time  supposed  to  be  the  ease  with  the  lunga  : 
roncous  opinion,  which  will  jmisently  be  corrected 
the  matnrc  porio<l  of  life,  and  esiiccially  in  deep  rcspirntion,  the  ac- 
f  the  diaphra^rm  is  insufficient  for  the  introduction  of  air,  5[,„„„^|^ 
•till  farlhrr  vohime  is  obtained  hy  raising  the  ribs,  which  tmdurfng  th« 
kscs  llic  dimensions  of  Ihe  chest  from  right  to  left,  and 
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also  (torn  front  to  back.  In  men,  this  cffcK:!t  takos  place  more  patticTiki- 
\y  through  lite  movemcnta  of  the  lowi-r  ribs,  anU  tliis  tbnn  of  redpindoa 
is  therefore  sometimes  called  the  mfcrior-costAl ;  but  in  women  the  npper 
ribs  arc  more  movable.,  the  dilatation  of  the  chest  is  there  greater,  and 
the  respiration  thercforu  designated  as  the  8u|)erior-costaL  In  theac 
movements  of  the  ribs,  and  especially  in  violent  respiration,  many  mus- 
cles are  involved. 

In  the  reverse  act,  that  is,  in  expiration,  or  the  expulsion  of  air  throngli 
the  trachea,  the  floor  of  the  cheat  is  raised.  The  diaphragm,  when  it 
contracted,  made  pre55nre  npon  the  viscera  of  tlic  abdomen,  and  foireii 
the  muscular  walls  of  that  caWtj-  outward ;  but,  as  soon  as  the  diaphrsgrn 
relaxes,  tlie  abdominal  muscles  contract,  and  thus  an  antagonizing  force 
is  originated  wliich  tends  to  ex|»el  the  nir.  In  this  the  elasticity  of  the 
lungs  and  of  the  walls  of  the  tliorax  itself  aifcrds  a  great  assistance. 
Owing  to  tliis  elasticity,  the  muscular  exertion  required  for  the  inlrodno 
tion  of  the  air  greatly  exceeds  that  reqiurc>rl  for  its  expulsion. 

In  tranquil  rcsj»iration,  wc  may  regard  the  changing  of  iho  air  to  be 
acconiplislicd  by  the  alternate  depression  and  elevation  of  the  dlaphr^ 
matic  floor  of  the  chest.  <.^n  an  average,  this  takes  place  17  times  in  a 
minute^  and  in  an  adult  of  llie  standard  size  wc  may  assume  that  17 
cubic  inches  of  air  are  introdnccd  at  each  inspiration.  Of  every  fivr 
brcatlis  one  is  iisnally  deeper  than  the  other  four.  The  statement  oftra 
made,  that  Ave  pulsations  correspond  to  one  respiration,  must  be  received 
with  a  certain  restriction.  In  pneumonia,  the  respirations  may  be  to 
the  pulsations  as  1  to  2 ;  in  typlioid  fevers^  as  1  to  8 ;  and  even  in  a 
state  of  health  tlicrc  m.iy  be  considerable  variations. 

ily  muscular  movements,  which  thus  call  into  action  atmospheric  plea- 
sure, the  air  is  drawn,  but  not  forced,  into  the  respiratory  apparatuit. 
Considering,  however,  Uio  Boli<l  contents  of  the  lungs,  which  can  not  be 
taken  at  less  tlian  200  cubic  inches,  it  is  clear  that  the  amount  is  not 
more  than  sufficient  to  All  the  nasal  jiassages,  the  trachea,  and  tbc  larger 
ramifications  of  the  broncliial  tultes.  Lying  nearest  to  the  ontlct,  it 
would  be  the  first  to  be  expelled  by  tlic  act  of  expiration.  There  could 
be  no  exchange  of  the  fresh  for  the  foul  air,  nnless  some  additional  means 
were  employed  for  acconiplishini;  its  transferuni-e  from  the  larger  ramifi- 
cations of  the  bronchiid  tubes  to  the  remotest  air-cells. 

2d.  The  transference  of  fresh  air  to  the  cells  is  accomplished  by  re- 
sorting to  two  different  principles,  the  difiusion  of  free  gases  into  one  an- 
other, and  musctUar  contraction. 

An  estimate  of  the  relative  share  which  each  of  these  takes  is  ftrrivt>d 
Effect  (rf  Kaso-  at  by  an  examination  of  the  absolute  velocity  with  which 
ui^oforl^lik  S^^^  ditfusc  into  one  another.  The  statement  that  gases 
muscle  fibres,    act  as  vaciui  to  cach  other  has  led  to  some  very  crroncoos 
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ions.  It  has  been  taken  for  granted  tiiat  tlie  actunl  diffusion  is 
pid,  perhaps  npproacliing  to  the  velocity  with  which  gases  rash 
a  void.  Bat  I  have  shown*  that  this  is  altogetlier  a  misconception, 
d  that  the  transit  of  tresh  air  trom  the  bronchi,  exchanging  with  foul 
from  the  ceils,  if  conducted  on  that  principle  alone,  would  require  a 
riod  greatly  beyond  the  time  occupied  for  one  respiratory  act,  which  ia 
cmt  throe  seconds  and  a  halt'. 

To  an  additional  agent  we  must  tlierefore  look  for  a  complete  explana- 
and  this,  I  think,  is  presented  in  the  circular  organic  libres  of  the 
onchial  tabes  and  cells.  It  has  long  been  understood  tliat  these  pos- 
w  the  power  of  varying  the  capacity  of  the  tubes. 
With  this  agency  in  \'icw,  this  second  stage  of  the  process  is  acconi- 
ifaetl  as  t'uUows :  Tlie  carbonic  acid,  vapor  of  water,  and  excess  of  m- 
if  any,  tliat  have  accumulated  in  the  cells  belonjp'ng  to  any  given 
mchiul  tree,  arc  exjx'.Ued  therf^fnjni  by  tlie  inuseular  contraction  of  the 
[culaj  organic  fibres,  and  are  delivered  into  the  lai^^  bronchial  tubes, 
which  diffusion  at  once  takes  place  with  the  air  just  introduced.  As 
in  as  the  expiration  is  completed,  relaxation  of  the  muscular  fibres  oc- 
and  the  passages  and  cells  dilating,  both  through  their  own  elastic- 
and  the  exhaustive  effect  arising  from  the  simultaneous  contraction  of 
bronchial  trees,  fresh  air  is  drawn  into  them,  the  alternate  expulsion 
ixitrodaclion  being  accomplished  by  muscular  contraction  and  elas- 
ty,  the  ditferent  broncliial  trees  coming  into  action  at  different  periods 
lime,  some  being  contracting  while  others  are  dilating. 
3d.  The  third  stage  is  thcpassage  of  oxygen  from  the  cells  to  the  blood: 
is  through  tJic  wall  of  tlie  cell,  the  wall  of  the  blood-vesecl,  Vmmak«  or  ox- 
Md  the  sac  of  the  blood  disc  The  carl»nic  acid  issues  from  'Jh^*°^n>UMOM 
le  plasma,  and  passes  through  the  wall  of  the  blood-vessel  loUwtlood. 
id  the  wall  of  the  celL 

Many  physiologists  have  supposed  that  this  exchange  of  oxygen  for 
rbonic  acid  takes  place  on  the  principle  of  diffusion.     On  Ex,h»nCT  t>f 
B  antliority  of  Valentin  and  Brunncr,  it  has  been  assertetl  mrboidc;  acu 
■t  the  projKirtional  exchange  actually  observed  is  1174  of    '*'*'*>^™- 
Eygtfii  for  U"MX>  of  carbonic  acid,  these  being  the  theoretical  quantities 
oder  tlw  law  of  diffusion  ;  but  there  is  no  difiicolty  in  proving  lliat  lliaS 
i  a  phy8i<'al  impojisihility,  for  the  exchange  is  not  merely  tlmt  of  oxy- 
bn  and  carltontu  acid ;  it  is  much  more  complicated.     The  lungs  regu- 
tte  tilt)  quantity  of  free  nitrogen  in  the  system,  and  there  is  a  constant 
•cape  of  the  ^-ajtor  of  water.     Tliese  bodies,  morfover,  arc  not  prescnt- 
i  in  the  gaseous  state,  but  in  that  of  liquid  solution;  and  the  wall  of 
cell,  of  the  palmonary  capillary,  and  of  the  blood  disc,  by  their  con- 
Cnstng  action,  totally  disturb  the  conditions  of  diflfiision. 
•  AmencsD  Joomal  of  Med.  Science*,  Ajiril,  ISJ2. 
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If  an  aqncous  iilin,  not  more  than  throe  eighths  of  a  mtllionth  of  an  incb 
in  tliickness,  can  coiupletely  disturb  the  law  of  diflasion  Ijv  the  cuinJniv 
ing  action  it  exerts  on  carLouiu  acid  and  oxygen,  wliat  may  bo  expected 
from  the  moist  walls  of  the  nir-rcUs  and  pulmonary  artcTTk',  whiclx  oon- 
jotiitly  must  be  more  than  a  thousand  times  as  thick? 

Ffom  these  complications,  it  is  not  possible  to  assign  any  definite  ratio 
fiS  expressing  the  gaseous  exchange  between  the  interior  of  the  odls 
the  blood,  for,  so  far  firom  this  being  a  case  of  exchange  bi'twcen  two 
es  without  any  obetniction  intervening,  the  condition  under  which  alone 
the  law  of  diffusion  applica,  the  nitropcn  is  doubtless  in  a  elate  of  wJa- 
tion  in  the  bloud,  the  steam  in  tlic  liquid  comlition  of  water;  and  r- 
spocting  the  carbonic  acid,  nothing  cciiuin  is  known  whether  it  be  in  m- 
lution  or  chemically  combined.  Perhaps  it  is  united  with  t;o(U  in  ibe 
blootl  as  a  bi-carbonate.  l-'rom  tliis  latter  substance  hydrogen  gas  will 
espcl  one  half  of  its  carbonic  acid,  and  in  like  manner  a  stream  of  by 
drogen  gas  passed  through  blood  deprived  of  its  fibrin  removes  carbonic 
acid.  Upon  such  principles  it  has  been  supposed  that  atmospheric  oxj- 
gcn  removes  carbonic  acid  from  the  blood  during  respiration,  just  as  woulii 
a  slream  of  hydrogen  remove  half  tho  acid  from  a  solution  of  bi-carbon* 
ate  of  soda. 

The  generation  of  carbonic  acid  in  tho  system  is  commonly  localised 
p.  ^^^^  by  referring  it  to  the  soft  tissues.  But,  though  doubtless 
BOMraiion  vt  much  originates  in  this  way,  as  is  illustrated  by  tlic  case  of 
*"^'*^  *  '  insects,  in  which  the  air  is  carried  directly  to  the  parenchyma 
of  tlic  organs  wiliiout  the  intervention  of  any  proper  oxidizing  blood, 
there  can  be  no  doubt  that  in  muii,  as  in  ail  the  liigher  tribes,  a  ^Txy 
Large  projiortion  is  generated  in  the  blood  itself.  It' there  were  no  other 
reason  to  bring  us  to  this  conclusion,  it  would  Ijc  sullicicnt  to  recall  that 
ultimate  oxidation  by  no  means  occurs  at  once,  but  that  the  rarlons 
wasted  products  pass  from  stage  to  stage  in  their  retrograde  career. 
Thus,  between  the  syntonin  of  muscular  tibrc  and  the  urea  of  the  orinc, 
many  stops  or  stages  intcr\"cne,  and  that  much  of  these  changes  is  ac- 
complished iu  tlic  blood  itself  is  demonstrated  by  what  occurs  in  the 
use  of  excesses  of  starcli,  albumen,  or  gelatine  in  the  food.  Such  sab- 
stances,  finding  access  through  tlie  absorbents  in  a  modified  form,  but  not 
wante*l  for  the  repair  of  aixy  part,  are  dismissed  without  ever  entering 
into  tho  composition  of  any  organ,  by  tho  lungs  or  the  kidneys  as  prod- 
nets  of  oxidation  or  derivatives  thcrcof- 

The  act  of  respiration  in  man  is  therefore  accomplished  in  the  foliow- 
Gvncnl  stAto-  ing  way.  The  air,  introduced  by  atmospheric  pressure, 
pivNM  of  n»-  brought  into  play  by  the  action  of  the  diaphragm  and  other 
plraiton.  respirator}'  muscles,  fills  the  nasal  passages,  the  trachea,  and 

larger  ramifications  of  the  bronchial  tubes.     Between  it  and  the  gas 
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ning  from  the  pnlmonnry  vesicles,  diflftieion  steadily  takes  place,  tend- 
to  remove  tlio  cell  gas  into  the  atmosphere;  but  this  gas  is  not 
»ught  from  the  vesicles  by  diffusion  alone,  which  could  not  act  ivitli 
Scicnt  speed,  but  by  the  contraction  of  the  circxilar  organic  muscles  of 
|ie  bn^nchiaJ  tubelcts  and  of  tlic  eclls  the  different  bronchial  trees  not 
Cting  eiraultaneously,  but  successively.  As  soon  as  contraction  ia  over, 
'the  tabes  expand  by  their  clastidty,  and  tlie  air  is  drawn  into  the  cells, 
earh  bronchial  tree,  by  its  contraction,  aiding  the  cxi>ansion  of  tlic  adja- 
crnt  oncH.  The  lungs  ore-  therefore  not  altogether  passive  during  respi- 
ration, us  is  sometimes  said.  The  exchange  between  the  gas  in  the  cclla 
and  that  in  the  blood  does  not  take  phicc  through  simple  diffusion,  or  in 

Fititi<*a  proportional  to  the  ditfusion  volumes  of  oxygen  and  carlwnic 
It  is  a  comple-x  diffusion,  in  which  the  disturbances  arise  from  the 
gnAes  in  the  blood  being  either  dissolved  or  combined,  and  througli  scv- 
intcrvening  membranes,  tliat  of  the  air-cells,  that  of  tlie  pulmonary 
tery,  and  that  of  the  blood  disc,  all  of  which  exert  a  condensing  action, 
'the  result  of  which  it  is  impossible  tn  furnish  any  numerical  estimate, 
be  process  ends  by  the  expidsion  of  the  foul  air  wliicli  has  accumulated 
the  larger  bronchi  and  trachea,  by  the  diminution  which  takes  place 
;  the  capacity  of  the  chest  during  expiration,  occasioned  by  the  contrac- 
of  the  expiratory  muscles,  the  elasticity  of  the  walla  of  the  chest, 
of  the  lungs  themselves. 
Such  is  the  arrangement  by  which  fresh  air  is  ronstantly  presented  to 
tbJood,  and  the  gases  and  vapors  exhaling  from  it  arc  removed.     The 
of  exhaustion  occurring  in  the  chest  scarcely  juslirics  the  cx- 
»ion  sometimes  used,  **a  tendency  to  a  vacuum,'*  since  it  is  rarely 
t  than  competent  to  raise  watcT  a  single  inch.     This  may  be  reailily 
by  dipping  a  glass  tube,  0|>en  at  both  ends,  and  half  an  inch  in 
eter,  into  a  cup  of  water,  an<l  placing  the  ]>rojecting  extremity  bc- 
i  the  lips,  taking  care  to  keep  the  muscles  of  the  mouth  at  complete 
at.      It  will  then  be  seen  tliat  at  each  inspiration  the  water  rises  about 
inch,  and  at  each  c-xpiration  is  depressed  to  a  Rimilar  extent.     Its 
noveim'nls  indicate  the  degree  of  rarefaction  or  compression  occumng  in 
ctiest. 
It  bas  been  found  convenient  to  consider  the  gaseous  contents  of  the 
totigs  under  sevcnd  different  titles:  l.st.  The  residual  air  is  Divifttoiuor 
ibat  portion  which  cm  not  be  removed  by  tlie  roost  power-  ^S^f'jho 
expiration;  2d.  The  supplemental  air  remains  after  tran-  iMtg*. 
Ill  rc^nratinn.  but  can  be  removed  at  will ;  3d.  The  breathing  or  tidal 
'  is  that  portion  which  changes  by  tranquil  inspiration  and  exjjiration ; 
th.  The  complcmcntal  air  is  that  which  can  be  inhaled  by  the  deepest 
^i«piration,  over   and   above   that   introduced  by  ordinary  breathing. 
rbesc  are  terms  introduced  by  ilr.  Jcfireys. 
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*♦  The  amount  of  nir  that  can  be  expelled  by  the  deepest  expiration 
CoDDKtJon  be-  after  the  fullest  iiiiijilnition*^  bears  a  singular  rehuion  to  ibr 
KTaad  *'^^  he%ht  of  the  individual,  as  was  discovered  by  Dr.  Hutch- 
lieitfht-  inson.     **  For  every  inch  of  stature  from  ti\-c  to  six  fevi, 

ciglit  additional  cubic  inches  of  air  at  tJO^  Fabr.  may  be  thu«  given  onC 
The  quantity  of  air  which  can  be  thus  expelled  for  the  stature  of  fivefwl 
one  inch  is  174  cubic  inches,  and  for  six  tcet,  262.  It  is  independent  of 
the  absolute  cajiacity  of  tlic  chest. 

The  diurnal  amount  of  air  introduced  into  the  lungs  has  been  ^'arioofly 
_  ,  .      cstiinatcil  from  226  to  309  cubic  feet.     A  part,  from  4  to  ti 

Tolomc  and  ,  .  ,         ,    V^  . 

chufCM  of  the  per  cent,  of  the  oxygen  thus  uitroduced  diBappeus  in  tbe 
i«qtlr«d  e^  lungs,  and  the  expired  air  is  cha^d  with  from  3  to  d  per 
cent,  of  carbonic  acid.  But  tlint  nothing  analogous  to  combustion  ocean 
in  those  organs  is  proved  by  their  tcnii>eralurc  which  is  not  higher  thim 
that  of  other  parts  of  the  system.  Moreover,  carbonic  acid  can  bo  with- 
drawn from  venous  blood  in  a  Torricellian  vacuum,  and  still  better  by 
agitating  the  blood  witli  such  gases  as  hydrogen  and  nitrogen,  proving 
that  llmt  gas  prtMJxiats  in  the  venous  blood  before  its  entry  into  the 
longs,  and  is  not  fanned  in  those  organs,  unless,  indeed,  it  exists  as  a  bi- 
carbonate, as  already  mentioned.  The  quantity  of  carbonic  acid  thas 
diseitgaged  is  less  than  the  quantity  of  oxygen  absorbed,  becaufio  much 
of  the  latter  is  consumed  in  the  production  of  sulpliuric  and  phosphoric 
acids,  which  escape  in  the  urinary  secretion,  as  indeed  docs  a  large  qiutii* 
tity  of  carbonic  acid  itself. 

The  experiments  of  V'icrordt  show  that  the  expiration,  iti  a  state  of 
Vi«wii'«  rest,  contains  4.334  ]X'r  cent  of  carbonic  acid ;  that,  as  the 
•jcptjimenu.  numbcr  of  respirations  per  minute  increases,  the  pcrccnti^ 
amount  of  carbonic  acid  diminishes ;  ond  tluit  for  every  expiration,  with- 
out reference  to  its  duration,  there  is  a  constant  amount  of  carbonic  add, 
namely,  2.5  per  cent.,  to  which  we  must  add  a  second  value,  cxpressii^ 
tiio  quantity  of  carbonic  acid,  and  which  is  exactly  proportional  to  the 
duration  of  the  respiration,  as  is  shown  in  the  following  table. 


RrqitratloM 
por  luLnntc. 

urboDlc  Httl. 

CuaOABUk 

Aa|iiu>«itattno  of  tlw  pcrcMttWM 
of  Ilie  txTbonle  acVl  tot  tarn 
diirath'ti  of  tlui  naplratlan. 

a 

12 
24 
48 

W 

&.7 
4.1 
3.3 
2.9 

•2.7 

2.5 

2..". 
2.5 
2.5 

s.a 

1.6 
0.8 
0.4 
0.8 

Vierordt  also  estimates  that,  for  the  entire  removal  of  the  carbonic 
acid  from  the  blood,  more  than  three  hundred  respiratory  acts  per  minute 
would  bo  required.  To  some  extent  the  depth  of  the  respiration  will 
compensate  for  want  of  frecjuency.  Thus  he  shows  that  in  an  expiration 
of  double  tlic  usual  volume,  the  quantity  of  carbonic  acid  removed  is 
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Dearly  equal  to  tlmt  wliicU  would  be  exhaled  hy  respirations  of  three 
times  the  normal  iVcquency^  and  on  exauiining  a  single  respiration,  he 
demonstrates  wliat,  however,  would  obviously  be  foreseen  from  a  consid- 
eration of  the  circumstances  of  the  case,  that  the  last  portions  of  the  cx- 
]nration  arc  the  ricliest  in  carbonic  acid.  Thus  the  first  half  of  a  respi- 
ration contained  only  3.72  ]>cr  cent,  of  carbonic  acid,  the  last  half  5.44 
per  cent. 

AiVith  rcs{«ct  to  tlic  ratio  between  the  quantity  of  oxygen  inspired  and 
that  contained  in  tlio  expired  carbonic  acid,  a  variation  will  p-.i^ofih  ' 
be  obscrvctl,  depending  on  many  conditions,  as,  for  example,  fpimi  und  ex. 
on  the  nature  of  the  food.  Thus,  with  a  carbohydrate,  the  '"'*''  '**5"S^" 
quantity  of  oxygen  in  the  carbonic  acid  will  always  be  less  than  that  in- 
aptred,  a  portion  being  employed  in  tlic  destruction  of  tlic  systemic  nitro- 
genizcd  material  which  is  undergoing  decay.  This  destruction  of  nitro- 
genizcd  material  is  not  sufficient  for  the  support  of  animal  beat,  and 
benco  cither  carbohydrates  introduced  by  the  food,  or  fat  already  exist- 
ing in  the  system,  must  be  resorted  to  for  the  purpose  of  making  up  the 
deficiency.  With  such  variations  in  the  requirements  of  the  system, 
and  variations  in  the  nature  of  the  food,  the  ratio  of  the  oxygen  intro- 
duced to  that  in  the  carbonic  acid  removed  must  also  vary. 

For  the  perfect  oxidation  of  the  ditfcrent  elements  of  food,  very  differ- 
flBt  quantities  of  oxygen  arc  rciuircd;  thus,  for  the  oxidation  of  100 
parts  of  fat,  it  would  require  202. 14  of  oxygen ;  for  that  of  starch,  1 18. 52; 
for  that  of  muscle,  147.04, 

For  reasons  to  be  considered  when  we  treat  of  the  pi-oduction  of  heat, 
the  quantity  of  carbonic  acid  disengaged  varies  with  external  VariaiionBln 
circumstances.  AVhen  the  weather  is  cold  it  is  greater  than  th«  niqiired 
when  it  is  warm.  Tims  at  G8°  there  is  twice  as  nmcb  lib-  **'' 
erateti  aa  at  10C°.  It  increases  during  exercise  and  after  eating,  but 
dimuiishes  during  sleep.  Siorc  is  set  free  by  men  than  by  women ;  it 
Taries  witb  age,  the  proportion  rising  from  eight  years  to  thirty,  re- 
maining fltationary  to  forty,  and  then  decbning.  It  changes  with  the 
finequency  of  tlio  respirations.  The  total  quantity  of  carbon  daily  rc- 
BDOved  by  respiration  may  be  estimated  at  eight  ounces. 

Besides  tiic  carbonic  acid  removed,  a  large  quantity  of  water  is  ex- 
cntod  by  the  lungs,  for  tite  expired  air  may  be  regarded  as  WBtrrn-moTed 
saturated,  or  containing  the  maximum  quantity  of  water  for  *"  re^i'iration. 
M^.  For  the  vaporization  of  this  water  much  heat  is  consumed,  as  is 
likewise  tlie  case  for  t!ic  warming  of  the  introduced  air,  which,  no  mat- 
ter what  tbo  cxtcruul  temperature  may  bare  been,  is  brought  to  that  of 
the  longs. 

With  respect  to  the  absolute  amount  of  air  expired,  and  also  the  quan- 
tity of  water  removed  by  the  lungs,  some  experiments  have  rcccJitly  been 
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made  by  my  son»  Dr.  J.  C.  Draper ;  the  principle  upon  wlucU  lUcy  vcre 
QiAntitTufair  conductcd  may  be  thus  brieriy  etatcd.  Tfa«  air  from  tlie 
M[>irp<rp«''  longSi  wliich  Irns  a  ilcw-point  of  9-1°,  was  passed  by  a  wide 
miniiie.  ^^^^  tlifOugU  &  mctuUic  coiulcDser  kept  at  '62^,  rare  being 

taken  lo  have  as  little  obstruction  as  possible  to  its  egresa.  The  weigbt 
of  the  water  collected  in  the  condenser  furnished  tlic  means  of  calculating^, 
by  a  simple  fonnula,  the  quantity  of  air  wiiich  luul  boon  expired,  for  the 
vapor,  leaving  the  respiratory  passages  at  04^,  and  that  leaving  the  con- 
dcnsfT  at  32°,  were  at  their  maximum  densities.  C-oniputatioos  exe- 
cuted upon  data  obtained  on  this  principle  furnish  the  following,  among 
other  interesting  results: 

1.  On  making  sixteen  respirations  in  the  minute,  and  continmng  the 
experiiiicnt  for  twenty  minutes,  the  average  of  five  difiercnt  scries  of  ex- 
periments gives  622  cubic  inches  of  air  expired  each  minute, 

2.  On  making  »ix  respirations  in  a  minute,  and  continuing  the  trial 
for  twenty  minuter,  the  average  of  three  scries  of  cxperimcnta  gives  fill 
cubic  inches  for  the  air  expired  each  miimte. 

3.  On  making  thirty-three  respirations  in  a  minute,  and  continning  the 
experiment  for  twenty  minutes,  tlic  average  amount  of  air  is  1077  cubic 
incites  for  the  air  expired  in  each  minute. 

On  comjhiring  these  throe  statements,  it  appears  that,  the  iirst  repnv 
renting  normal,  the  second  verj*  slow,  the  third  ycry  quick  respiration, 
tiie  absolute  amount  of  air  removed  from  the  lungs  is  directly  projMrtion- 
al  to  the  number  of  respiratory  acts  iu  a  giv^i  period  of  time,  and  this 
notwillistanding  such  variations  in  the  depth  of  the  inspirations  as  un- 
der such  circumstances  are  likeJy  to  occur. 

With  respect  to  the  quantity  of  water  removed  trom  the  lungs,  he  also 
shows, 

QuniKvorwa-       ^'  '^'"**»  **  ^^  atmosplicric  tcmpcniturc  of  55'^,  the 
tcr  cjthiiicd  [lur  polut  I)eing49°,  the  number  of  expirations  sixteen  per  minute, 
ni  nuie.  ^j^^  q^j^j^t^y  Qf  ^vater  removed  per  minute  is  4.416  grains. 

5.  The  other  conditions  remaining  the  same,  but  the  respirations  re- 
duced to  six  per  minute,  the  amount  of  water  removed  per  minute  is     , 
3.580  grains.  ^H 

(5.  The  other  conditions  remaining  as  before,  but  the  number  of  rei^^ 
piratioua  increased  to  tliirty-threc  ijcr  minute,  the  amount  of  water  re- 
moved per  minute  is  7.500  grains.  ^H 

From  tlie.sc  statements  it  therefore  appears  that  tlic  quantity  of  wat^^ 
removed  from  tho  blood  by  respiration  increases  with  the  frequency  of 
tlto  respiratory  acts,  and  this  notwithstanding  variations  which,  under 
such  circumstances,  must  take  pl-ii-c  In  their  depth.  Theoretically,  it  is 
also  ob\Houa  that  the  absolute  amount  thus  expired  is  dcjjcndent  on  the 
existing  dew-point  of  the  air.     Iu  the  general  table,  given  on  page  15» 
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ftinount  of  water  is  calculated  from  Scguin's  cxperiinentd,  Lut  it  ap- 
fipoiu  these  results^  wiiich  aro  obtained  by  a  much  more  accurate 
I  that  tlio  number  there  piven  is  undoubtedly  too  higli. 
The  lime  of  exposure  of  tlic  blood  to  the  air  is  only  a  second  or  two. 
Tlie  color  cluingcs^  bh  lias  been  dcacribcd  before,  from  blue  to  crimaon, 
and  the  temperature  rises  a  decree  or  two,  ats  ia  shown  b)'  an  examina- 
tion of  the  left  cavities  of  the  heart.     The  water  thus  removed  is  not 
pure,  but  contains  animal  matter  in  a  state  of  decay- 
Though  wc  have  treated  of  the  act  of  respiration  as  consisting  of  two 
Kparate  and  consecutive  stnj^es,  inspiration  and  expiration,  Rp!<i<iriitiun  » 
in  reality  it  procccthi  contumously.     At  the  respiratory  sur-  I^'j^pJi^^ 
face,  which  la  the  wall  of  the  air-cell,  the  passage  of  oxygen  ing. 
inward,  and  of  carbonic  acid  and  steam  outward,  takes  place  in  a  steady 
I  tnd  unvaiying  manner.     The  |vriodicity  under  which  it  has  Ijcen  conveii- 
Kient  to  speak  of  lliis  function  concerns  only  the  introduction  and  removal 
blgjllin  from  the  large  air-ways. 

Considering,  thexofore,  tin'  continuous  loss  of  water  which  the  venous 
blood  brought  by  the  pulmonary  arterial  branches  undergoes,  Eirct  of  rvfjU 
it  must  give  rise  necessarily  to  a  greater  density  in  the  blood  ^'J,'/!  ""/i^ 
'  tm  the  left  side  as  compared  with  that  of  tlic  rl^ht  side  of   itlowl. 
be  heart.     The  total  quantity  of  blood  passing  tlirough  tlie  lungs  in  one 
atnute  is  220  ounces,  and  the  loss  of  water  from  this  in  the  same  time 
not  be  more  than  7  grains.     This,  tlierefore,  shows  that  the  actual 
^losd  of  water  by  the  blood  during  its  passage  over  the  air-cclL*  is  about 
ll^m)  part,  a  quantity  which  is  altogether  mapprecialde,  so  far  as  its  in- 
floence  on  the  spccitic  gravity  is  concerned,  and  showing  ns  that  the  ob- 
Kirations  which  some  experimenters  have  made  on  this  point,  with  a 
riew  of  demonstrating  an  increased  spissitudo,  density,  or  cohesiveness 
Lof  the  blood  on  the  left  side  of  the  he4irt,  from  the  giving  up  of  its  water 
'ta  it  passed  through  tlic  rcsjiirator}'  oi^an,  aro  either  exaggerated  or  af- 
fected by  some  deceptive  cause. 

The  introduction  of  an  irrcspirable  gas  into  the  lungs,  or  the  prevention 
of  the  access  of  the  atmosphere,  brings  the  circulation  of  the  Kirdiuftiicin- 
blood  to  *  stop;  for  tliat  movement  dciHjnds,  as  I  have  shown,  i,7plpTrftU« 
on  tiie  aeration  taking  place  in  the  pulmonary  capillaries.    In  kuw. 
■ncii  CMBta  there  will  be  an  engorgement  of  the  right  heart  and  vessels 
ariflti^  therefrom,  but,  if  the  sto])page  has  nol  lasted  too  long,  ttic  current 
I  may  be  re-established  by  re-establishing  the  respiration.     Death  com- 
monly ensues  on  an  exclusion  of  the  air  for  five  minutes,  and,  in  cases 
Lof  drowning,  it  is  nirc  for  restoration  to  be  effected  if  the  immersion  has 
more  tlian  fuur. 
In  the  respiration  of  protoxide  of  nitrogen,  a  gas  which  is  an  energetic 
fnpporter  of  combustion^  and  acting  more  powerfully  on  the  animal  sys- 
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_  of  roi  **^"*  when  rcspiretl  than  even  oxjgen  itself,  on  account  of  its 
»xlJ«  of  mm*-  ready  condensibility  by  prcsBure,  or  by  mt^mbnines.  and  sol* 
*"*•  nbility  in  water,  tlie  circulation  is  greatly  qnickcncd  at  first, 

and  a  state  of  exhilaration  cnsnes ;  bat  tbis  is  soon  followed  by  a 
dition  of  depression,  or  even  of  coma,  for  the  quantity  of  cnrlxinic 
produced  in  tlie  syfiteni  is  now  bo  groat  that  the  lungs  ore  wholly  iiUKk- 
qualo  1o  otTect  its  removal,  and  all  the  fymptoma  of  poisoning  by  car- 
bohic  acid  come  on. 

Zimmerman  found  that  a  rabbit  exhaled  12^  grains  of  carbonic  aciil 
per  hovtr  wlicn  brcatliing  atmosphe-ric  air,  but  that  tlic  quantity  rose  at 
onee  to  20  grains  j)cr  hour  wlicn  it  was  caused  to  breathe  protoxide  of 
nitrogen.  But  by  far  the  most  complete  and  important  sencs  of  expcn- 
Summflrvnf  mcnts  yct  madc  in  regard  to  tlic  relations  of  the  aerial  mo- 
itoinxiuitBind  dium  and  the  respiring  animal  is  that  of  MM.  liegnault  and 
im«ni»'oq*m^  Kcisct,  pubHshcd  in  the  Annales  de  Chtmio,  Juillet.  1849,  of 
pintion.  wJiich,  sincc  it  may  be  taken  as  a  model  of  physiological  in- 

vestigation, a  brief  abstract  is  here  given. 
rtn.  Rl. 
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The  apparatus  thcv 
employed  is  represented 
in  J'^ff.  81.  It  posaesset 
the  great  advantage  orer 
all  exjXMimental  ortv^ 
mcnts  heretofore  employ- 
ed in  permitting  an  ani- 
mal to  l>e  kept  cx'ea  for 
many  days  in  a  limited 
volume  of  air,  hut  under 
such  eircfumst.'incca  that 
tj|wiiiii«iiu  vo  rvapinLoD.  that  uiT  wos   coiistantU* 

kept  at  its  normal  compr>8ition  by  the  automntic  motions  of  the  instru- 
ment itself:  oxygen  being  thus  furnished  as  it  was  required,  and  car- 
bonic acid  removed. 

Tlie  arrangement  consists  of  three  parts :  1st,  a  cliambcr  or  bell,  /,  for 
inclosing  the  animid,  surrounded  by  a  jar  tilled  with  water,  the  tempera- 
ture of  which  could  be  ascertained  by  a  thermometer,  i'.  In  the  interior 
of  the  bell  was  a  ptatfonn  i>crforated  ivith  holes,  hy  the  aid  of  which  the 
excretions  could  bo  collected.  On  one  side,  at/»,  was  a  pirssure  gauge, 
connected  with  the  Iwll  by  a  tube,  and  shomng  the  condition  of  conden- 
sation or  rarefaction  of  the  included  atmosphere.  2d.  At  the  same  side, 
the  hell  communicated,  by  means  of  India-rubber  tubes,  jn,  n,  with  two 
cylindric  vessels,  y,  r,  filled  with  a  solution  of  caustic  potassa,  and  whicli 
were  driven  by  the  aid  of  ])Owcrt\d  clock-work  in  aneh  a  way  tliat  the 
one  alternately  rose  and  the  other  descended,  the  flexible  tube  s  pcnnit* 
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tinp  thU  motion.  The  result  of  tiiis  was  liiat  a  portiou  of  the  air  of  llic 
bell  waa  alternately  drawn  iiito  cucli  of  the  cylmdric  vessels,  its  carhon- 
ic  nci<l  removed  by  the  potasht  and  then  it  waa  returned ;  so,  as  fast  as 
tlio  animal  produced  tlwt  gas  by  breathing,  the  potash  removed  it,  giving 
rise,  tberci'orc,  to  &  tcndeney  to  a  certain  amount  of  rarefaction  in  the  air 
of  the  bcli ;  bat,  3d,  on  the  opposite  side  of  the  bell  wcro  placed  three 
Ttcqytocles,  tf,  e\  f\  filled  witli  pure  oxygen  gas,  wliich  flowed  into  tl:c 
bell  through  the  tul)es  /"/'./^/'.y*'/',  to  compensate  for  that  rarefaction, 
coming  in  by  a  bubble  at  a  tiino  tlirough  the  littlo  potash  Husk  i,  liic 
oxygen  being  pressed  out  of  tlie  rcser\'oir8  by  a  solution  of  chloride  of 
calcium  dc.!icendiiig  through  a  stop-cock,  c,  from  a  reservoir,  b  0\  kept  at 
a  vonstaul  level  in  tiie  usual  manner  by  the  flasks  a,  a\  e^'.  As  fast  as 
one  receptacle  was  exhausted,  the  pressure  tube  was  successively  con- 
nected with  the  others,  and  so  the  supply  kept  up.  Attaclicd  to  the 
atand  supporting  tlic  animal  was  a  eudiometer,  i?,  which  enabled  a  small 
quantity  of  air  to  be  witlidrawn  from  the  bell  at  any  moment  for  the 
pur[wsc  of  auEilyticai  examination.  For  other  details  of  this  apparatus, 
and  the  jiarliculars  of  its  method  of  use,  reference  may  be  made  to  the 
original  memoir  itself.  It  is  suiBcicnt  for  the  pre-sent  purpose  to  under- 
stand tlmt  an  animal  could  Ijo  kej>t  in  the  interior  of  this  bell  for  sevenil 
days  witliout  showing  any  signs  of  discomfort,  pure  oxygen  being  sufw 
(died  to  it.  and  the  carbonic  acid  produced  by  breathing  removed  tiy  the 
play  of  the  machine  its<-lf. 

The  following  is  an  abstract  of  the  results  obtained: 

1st.   iIot-bK>oded  animals,  maniinaha  and  birds,  under  their  ordinary 
diet,  always  disengage  a  little,  nitrogen  by  respiration,  tlic  m-.  m^^  j 
amount  varying  from  less  tlian  yj^  to  -^  of  the  weight  of  anima].  on  an 
tbe  oxygco  they  consume.  onUnary  din. 

2d.  M'hen  these  animals  are  fasting,  they  often  absorb  nitrogen  in  pro- 
portions similar  to  the  preceding.     In  like  manner,  an  absorp-  Theiamo 
tiori  of  nitrogen  was  obser^-ed  after  starving  tiie  animal,  and  then  *«»ii"e- 
submitting  him  to  a  diet  very  ditfcrent  from  his  ordinary  one,  and  also 
during  sickness. 

3d,  The  ratio  between  the  quantity  of  oxygen  contained  in  the  car- 
bonic acid  and  the  quantity  consimied  depends  more  on  the  i„gyj,j(,  ^ 
ztatnre  of  the  food  than  on  t}io  class  to  which  tho  animal  be-  ru<Ki  aud  iiuc- 
loBgs,  being,  when  the  animals  arc  starring,  the  same  as  it  is  ^^' 
uriktti  they  are  fed  upon  meat,  or  perhaps  a  trifle  less.  Irom  tliis  the 
intrrrating  conclusion  may  be  drawn  that  a  stnn-ing  animal  furnishes  to 
the  air  of  respiration  his  own  substance,  which  is  of  course  of  the  same 
nature  as  the  tlesb  ho  eats  when  dieted  on  mcaL  All  hot-blooded  ani- 
mals present,  when  tliey  are  starring,  the  respiration  of  carnivora.  The 
ratio  for  the  same  auimal  varies  from  0.62  to  LO-l,  according  to  the  na- 
ture of  the  diet. 
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4th.  In  fowls,  Rubmitted  to  thHr  nsnal  diet  of  grain,  there  U  oAen 
Rr«T>inilqu  niOFc  oxA'gcm  in  the  carbonic  acid  diri^cngaged  ttian  was  fami&hed 
uf  binu.  i„  tbg  j,iy  by  respiration.  The  sur|}tua  of  course  coined  from 
the  food. 

6t]L,  The;  qimntit?  of  oxrgen  consumed  in  a  given  time  varies  nilk 
I  fl  of  ^^^  Bttlc  of  digestion,  motion,  and  other  circnmstances.  C«n- 
motion,  »gf,  pared  tnjrether,  the  consumption  is  greater  among  the  young 
''" '  ■  th:m  among  adults,  greater  among  those  tliat  are  Jena  but  in 

good  health  than  among  those  that  arc  fat. 

titJi.  If  wc  take  an  cijual  weight  of  the  aiiimnla  under  examination.  lh< 
imluenwof  quantity  of  oxygen  variea  much  with  their  absohite  «i2ej 
iiie  lixQ of  uii-  thus  it  is  ten  times  greater  among  little  birds,  such  as  9pa> 
'"  rows  and  green-finchcH,  than  among  common  fowls.     This 

is  owing  to  the  fact  that^  since  tiicnc  diflcnmt  species  have  tiic  same  iQHh 
j>emtuTc,  and  the  little  ones  present  relatively  »  grcotcr  surfiKO  to  th» 
amhicnt  air,  they  must  consume  relatively  more  oxygon  to  keep  up  their 
heat  to  the  standard  degree. 

7th.  Hiboruating  animals,  such  as  marmots,  when  perfectly  awake,  cx- 
Ucs  '  I'o  f  ^'''^'^  ■"*  ]>ecnliarity,  Imt  when  fast  asleep  often  absorb  nilto- 
hibcmming  gen.  The  ratio  of  the  oxvgen  contained  in  the  carbonic  aod 
ui  tu  .  j^  ji^^  inspired  is  very  low,  scarcely  amounting  to  0.4,  tliA 

missing  oxygen  escaping  in  the  compounds  of  the  urinary  sccrctioilS 
but  since  tliis  removal  takes  place  only  periodically,  the  sleeping  marmot 
exhibits  the  remarkable  i»henomenon  of  increasing  in  weight  by  rc^piw* 
tion  alone. 

Sill.  Tlie  consumption  of  oxygen  by  sleeping  marmots  is  very  small, 
scarcely  ^^  of  what  they  rcc]uin;  when  awake.  At  the  moment  thqr 
awaken  from  their  Ictlinrgj',  their  respiration  becomes  extremely  nctive^ 
and  during  the  period  of  their  awakening  they  consume  much  more  oxy- 
gen than  when  tliey  are  completely  awake.  Their  teni[)eraturo  rises  wp- 
idly,  and  their  members  gradually  lose  their  stiffened  state.  While  tor- 
pid they  can  remain  witliout  difticulty  in  an  atmosphere  which  would 
I  suAbcatc  them  in  a  few  moments  if  awake. 

^^P  9th.  Cold-blooded  animals,  for  an  eipial  weight,  consume  much  less 

^^^      Iio«niration  of  o^yg^°  *han  hot-bloodcd.     Frogs  wiili  their  lungs  cut  out 
ft e«irt-i.!owied     continue  to  breathe  witli  nearly  the  same  activity  as  before, 

r  " 
I    ' 
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aniD««.  often  living  for  several  days,  the  proportions  of  the 
ab8orbe<l  and  disengaged  diflering  little  from  what  is  obsen'ed  in  the 
ease  of  uninjured  frogs,  This  shows  that  their  respiration  can  bo  con- 
dHctc<l  by  the  skin.  The  respiration  of  earthworms  is  the  same  u  that 
of  frogs,  as  regar<l3  the  quantity  of  oxygen  consumed,  when  they  are  com* 
pared  under  an  equal  weight. 

10th.  The  respiration  of  insects,  such  as  May-bugs  and  silk-wonns, 
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is  mucli  more  actire  tlmn  tlmt  of  reptiles.  Under  on  equal  iteiipinuian  of 
«'eight  they  consume  nearly  as  much  oxA'gcn  us  mammalia:  *'"«*■■»»■ 
the  comparative  lowncss  of  their  temperature  is  due  to  tlie  relatively 
great  aartacc  and  moist  exterior  they  present  to  the  air.  It  is  to  be  re- 
marked that  we  are  here  comparing  the  respiration  of  insects  with  that 
of  inaniniulla  whoso  weights  may  lo  from  2000  to  10,000  times  as 

11th.  The  respiration  of  uulmals  of  oiflercnt  classes,  in  an  air  con- 
taining two  or  three  times  as  much  oxygen  as  the  atmos-  Kiifeoi  <>f  iii- 
}»herc,  does  not  differ  from  existing  respiration ;  indeed,  tlic  ][m**H?af'* 
animals  do  not  ap[)car  to  pcreoivc  that  they  are  in  a  medium  ygcn. 
difi'eront  from  the  ordinary  atmospltorc. 

12th.  The  respiration  of  animals  in  a  medium  in  whicli,  for  the  most 
part,  hydn»gen  replaws  the  nitrogen  of  our  atmosphere,  scarcely  ditfera 
(rora  existing  re.sj>iration ;  only  there  is  remarked  a  greater  consumption 
of  oxygen,  due  perhaps  to  tlic  necessity  of  compensating  for  llie  increased 
cooling  arising  from  the  contact  of  hydrogen  gas. 

TIio  introduction  of  air  into  the  system  is,  to  a  certain  extent,  auto- 
matic and,  to  a  certain  extent,  dependent  on  the  will.  In  tranquil  res- 
piration wc  are  wholly  unconscious  of  the  motion;  the  ex-  j;,^^^  j„, 
citing  impression  is  made  on  the  pneumogaslric  nerves,  and,  voivwi  la  n% 
being  conveyed  to  the  respirator}'  ganglion,  tiie  racdulk  ob-  i'*"*"'"'* 
looyfa,  is  there  so  reflected  that  through  the  agency  of  the  phrenic  nerve 
motion  takes  place  in  the  diaphragm.  Tlic  automatic,  and  therefore  un- 
couaciouA  movement,  to  a  certain  extent,  occurs  in  that  way.  Hat  there 
is  no  doubt  tlmt  the  brain  also  participates  in  tlie  function.  No  other 
evidence  of  lliis  is  required  than  tiiat  wc  can  *'hold  the  breath,'*  and  the 
ndativc  share  that  the  voluntary  and  automatic  mechanisms  take  is  iUus- 
ttaled  by  the  circumstance  that  this  holding  of  the  breath  can  only  be 
penisted  in  for  a  certain  time,  w*Iicn  the  necessity  for  re?piring  bocoracs 
tltogetber  QneonlroUable. 

It  is  not,  however,  to  be  8upj>osed  that  so  important  a  condilion  as 
iKot  <»f  the  intitxluction  of  the  air  is  oidy  slenderly  provided  for.  JIauy 
other  nerves,  besides  tliosu  mentioned,  tuke  p;irt  in  it  directly  or  indi- 
rectly ;  the  fifth  pair,  the  ner\-es  of  tlie  general  surface,  and  also  the  great 
Bvmpathetic,  the  intercostals,  the  Bpiiiid  iiccc-ssory,  which  probably  gives 
its  motor  property  to  liie  pncumogastric,  Ojiinion  has  differed  res|icct- 
ing  the  cause  which  produces  the  nucessarj-  impression  on  the  receiving 
iier^'CB,  some  referring  it  to  the  presence  of  venous  blootl  in  the  capilla- 
ries of  the  lungs,  and  some  to  the  carbonic  acid  in  the  ccUs.  i^loreovcr, 
there  is  reason  to  believe  that  the  presence  of  an  abnormal  amount  of 
venous  blood  in  the  respiratory  ganglions  will  of  itsi^lf  give  rise  to  res- 
piratory movements  through  tlie  proper  centrifugal  nerves. 


RESULTS  OP  RESPUUTIOX. 

TUo  control  possessed  by  tlic  will  over  the  introduction  of  air  stands 
ftftpinitum  in  a  close  relation  to  the  production  of  articulate  or  otW 
u"  «Bd  put-  sounds,  and  therefore  to  intercommunication  between  indi- 
te aiKAButlc  viduals  hy  speech.  This  involves  not  merely  a  general  con- 
trol alone,  hut  also  a  particular  onc^  which  is  reached  hy  regulating  the 
movements  of  the  glottis  by  the  agency  of  the  superior  and  inferior  laryih 
geal  nerves,  But  tiiough  the  will  for  these  ijiiporlant  purposes  c.xcrciaes 
80  marked  a  power  of  regulation,  it  is  to  be  looked  upon  as  superadded 
or  incidental,  and  during  el<x\\  coma,  and  tliat  larger  portion  of  life  whtc& 
is  spent  in  total  inattention  to  the  carrting  on  of  tliis  function,  it  is  dis- 
cliarged  in  a  purely  automatic  way. 

The  mechanism  %vhich  accomplishes  the  surprising  results  of  rcsptrt* 
Rosuiti  of  TVS-  tion  may  therefore  well  challenge  our  admiration.  Asa 
piratmn.  self-acting  or  automatic  contrivance,  over  which  we  liavc  not 

a  necet^sary  control,  it  originates  in  a  single  year  nearly  nine  millions  of 
separate  motions  of  breatliing.  It  never  fatigues  us;  indeed,  wc  an 
never  conscious  of  its  action.  In  the  same  lime,  a  hundred  tJiousand 
cubic  feet  of  air  have  been  mtroduccd  and  expelletl,  and  more  than  thir- 
ty-five hundred  tons  of  blood  have  ^)een  aerated.  In  a  future  i>age  we 
shall  have  to  present  the  wonderful  mechanism  by  which  ar rial  eurrcnta, 
as  they  pass  in  and  out  of  the  respiratory  apparatus^  are  incidentally  em- 
ployed as  a  means  of  producing  nmsjcal  notes  or  articulate  sounds,  and 
of  thuJi  establishing  a  relation  and  communication  between  different  i&- 
dividuals.  By  these  the  feelings  and  thoughts  are  diffused,  and  in  a 
mechanical  origin  commence  those  bonds  which  hold  society  together. 
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OF  AXIMAL  HEAT. 

PartidpativR  t^f  Ortpmc  Form*  in  frtervat  Variafhnu  of  Trmprrafvrt. — ifttAanitm/or  cowihr- 
halanfimy  Ikeu  VttndilioHs. — Devttopment  of  Urat  in  I*lanla  at  (Sfrmitiation  and  InffortMotrf. 
— /(«  Ctmtg  M  Oritioliim. —  Cwiatrfion  of  Rtsjriration  atul  Hrat. —  Tftfrfuraiure  of  Afan.-^JJU 
I^mrtr  «^  Hmgtamce. —  'J7te  tlivrnai  I  'ai-iatiout  vf  Utat. —  CcimtctioH  of  thea6  VaritUiuaM  teitk 
mT/ame  JWodtaUim.—Ai>itwl  Vtmations  of  Htnt. — Contrt^over  them  ty  Food,  L'iotking,  and 
SMbrr, — Soirre  of  Auiimd  IJent. — Kffivi  of  Varuitiimz  in  iht  Food  and  in  the  respired  Afo- 
dmm^lotAiurtspeetM  Ha  Xatun  atul  HurrJactioH. — Jlifl/ema/ion. — Slorvatitm. — Artificial  JiO' 
dKfiM  qf  Temperalwrt  fry  Hhod-kitiny. — Prindfdts  of  Jirdmctitm  ^  Temperahm. — Jladiiu- 
Um,  Omtart. — iA'tiffOrution. —  Their  iSttUna;  tfilh  the  Ucaiing  J'roeena. — Loaal  VariOf 
lim»  tiiantuaed  fcy  c^«:  VirrulatiaH. —  Coatroi  by  (he  Nervou*  Sjfsleta. — Itt  pfijffieai  Nahm, — 
AOotrofnan  of  Orytnic  Uodtt*. 

Owing  to  tlie  earth's  diurnal  rutatlon  on  its  axis,  and  its  annual  move- 
it  of  transUtion  round  the  sun  in  nn  orbit  inclined  to  the  ^  .  ..       . 

Vanaiions  of 

ilor»  variations  of  temperature  arise,  tJie  vicissitudes  of  cMcm«ito»- 
Mimmcr  and  winter,  day  and  night.  i-tratur*. 

In  these  variations  all  objects  upon  the  surface  of  the  planet  partici- 
pate; organic  forms  are  no  exception.  As  the  heat  of  the  medium  in 
which  they  live  ascends  or  descends,  the'u-s  follows  it  at  a  rale  depend- 
ent on  tiicir  conductibility. 

lake  mineral  substances,  the  more  lowly  forms  of  life  submit  to  these 
changes.  They  have  no  provision  for  check  or  comj)cnsation.  Org^nk-  forms 
in  summer,  the  temperature  of  the  stem  of  a  tree  rises  with-  fhc^'^vnri^"* 
out  any  restraint;  in  winter  it  declines;  and,  sliould  the  ^^m. 
point  be  reached  at  whicli  thoee  nutritive  changes  that  give  motion  to  the 
sap  cease,  nothing  is  done  to  arrest  the  descent,  and  the  whole  organism 
puses  into  a  state  of  torpor,  hybernation,  or  tcmporan.'  deutlj. 

Now,  since  this  tbllowing  of  atmospheric  temperatures  must  take  place 
in  ei'cry  organism  as  well  as  in  every  mineral  body,  the  con-  Conipfouatitif* 
Btmction  of  one  having  a  uniform  mode  of  existence  in  all  "7t!lfhk;™e" 
climates  and  nil  seasons  implies  a  resort  to  sonie  subsidiary  tribes. 
mechanism,  which,  though  it  may  not  check,  may  yet  com)jcnsale  for 
tliese  vicissitudes.  Accordingly,  so  nearly  is  this  equalization  accom- 
plislied  in  tlie  highly-developed  tribes,  and  a  standard  tcmpcrntnrc  so 
nearly  attained  for  tliejn,  that  many  physiologists,  misled  by  imperfect 
obaer^'ations,  have  concluded  that  such  living  beings  are  emancipated  by 
nature  from  the  operation  of  physical  laws :  an  erroneous  conclusion,  for 
in  thcra  that  action  is  only  concealed. 
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In  diffeTcnt  races,  the  mcdumism  hy  wliicU  these  variations  of  atmoa- 
plieric  tcui|>crature  are  balanced  nets  with  different  degrees  of  }>crfeclioi>. 
On  this  a  subdivision  has  been  foundctl,  and  animals  claMt- 
LlomivO  Bill-    ficd  as  the  cold  and  hot  blooded.     We  arc  not,  however,  to 
"*  ■  nttocli  much  ini(Kjrtance  to  such  an  arrangement:  it  is  ratiia 

itnagiuar^'  than  founded  on  any  real  distinction.  In  man,  the  tcmpetn* 
lure  is  near  100=" ;  in  fishes,  it  is  about  tlmt  of  the  water  in  which  ihcy 
live.  Insects,  iii  their  lar>'a  and  jiu^ia  condition,  arc  cold-blooi^;  in 
tlicir  perfect  condition,  hot, 

AVe  li.ive  now  to  explain  wliat  physical  principles  arc  resorted  to  in 
solving  the  problem  of  maintaining  an  organic  form  At  a  constant  tem- 
perature in  a  medium  the  heat  of  which  is  variable ;  and  as  we  maj 
reasonably  anticipate  that  these  principles  are  the  same  in  every  tribe  of 
life,  it  will  facilitate  our  investigations  to  commcucc  with  the  simplest 
cases  first. 

There  are  two  periods  in  the  life  of  a  plant  during  whicli  it  simulates 
Tw«(>eriinNc^  the  fuuctions  of  an  animal  in  maintaining  a  temjjcratarc 
liem  in  jilant*.  bighcr  than  that  of  the  surrounding  air.  These  periods  are, 
1st,  at  the  germination  of  the  seed  ;  2d,  during  tlic  functional  activity  of 
the  ilowcr. 

If  a  mass  of  seeds  be  laid  together,  as  in  the  making  of  malt,  the  op- 
Heat  afgcnn.  cration  being  conducted  ut  a  gentle  tciuponilui*c,  and  with  th« 
iiiatioii.  access  of  atmospheric  air,  oxygen  disappears,  carbonic  acid  is 

set  free,  and  the  tcm|xiraturc  rises  forty  or  fifty  dcgreea.  A  process  of 
oxidation  must  therefore  have  been  carried  into  etfcct,  and  to  it  we  trace 
the  heat  disengaged,  for  carbon  can  not  produce  carbonic  acid  without  a 
rise  of  temperature  ensuing.  The  loss  of  weight  which  a  seed  exhibits 
is  therefore  dnc  to  its  loss  of  carlwn,  nnd  the  whole  effect  is  ex{ilaincd  in 
llic  statement  that  atmospheric  oxygen  has  united  with  a  i)ortion  of  car^ 
boti  eontaitied  in  the  seed,  producing  carbonic  acid  gas  and  an  evolution 
of  heat. 

Again,  during  flowering,  the  same  action  is  repeated.  The  flower  re- 
lifiitofin(li>.  moves  from  the  surrounding  air  a  portion  of  llic  oxygen  it 
r-acMice.  contains,  and  replaces  it  with  carbonic  acid,  the  toni)>enituit 
rising,  as  accurate  exixjriments  have  proved,  in  absolute  corre8|»ondence 
with  llic  rjuuritity  of  oxygen  c<:insumcd.  Nor  is  tliis  elevation  insignifi- 
cant. A  mass  of  fiowers  has  been  obsen'ed  to  raise  the  themiomcter  from 
«6<>  to  V2l=>. 

l£  thus  the  disengagement  of  warmtli  is  the  result  of  oxidation,  it  nmst 
OxMaiiofi  ih«  dependontlieprescneeofair,  and  be  regulated  by  the  rapidity 
•TeMiilwor  ^*''^  which  oxygen  can  bo  supplied.  As  we  pass  from  the 
ietnp«niture.  ccmsidemtion  of  plants  to  that  of  animals,  we  discover  tlint  the 
production  of  heat  must  le  connected  with  the  power  and  precision  with 
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rlucli  the  respiiratory  a])parfthis  works,  for  it  is  throngh  its  agcncjr  that  air 
I  inirodaccd.     Extensive  obscn-ation  accordingly  establishes  a  close  cor- 
Duik^nce  in  eacli  animal  tribe  between  the  quantity  of  heat  produced  and 
be  cajKibility  of  respiratory  apparatus.     The  lower  tribes  breathe  slow- 
■  ajid  arc  cold.     Kaithworins  are  only  a  degree  or  two  warmer  than  the 
ad ;  and  even  among  vertebrates,  fishes  are  only  two  or  three  degrees 
rarmer  than  the  water,  a  lowiicss  of  temperature  in  a  great  nicasuro  de- 
ling on  the  high  cooling  agencies  which  that  liquid  ex-  „^      .      ^ 
,  its  sjweiKc  heat,  and  tiie  f;icility  with  which  currents  are  n-rtiiirmionMnil 
Btablishcd  in  it.     However,  «sven  in  these  cases  the  produc-    "^ 
tiou  of  heat  depends  on  the  [jowe-r  of  the  respiratory  engine.     The  bonito 
can  kcpp  its  heat  20^  above  that  of  tiie  sea,  and  the  nam'hal  maintains 
s  steady  tempcmtarc  at  96*^. 
K    The  organic  operations  involved  in  nutrition,  and  also  the  retrograde 
^Uianges  of  decay,  can  only  go  on  at  their  accustomed  rates  so  jnTarifti.iUiy 
■DOg  ftS  standard  limits  of  temperature  arc  observed.     The  ofor^auicic- 
"proper  progress  of  the  actions  of  life  implies  a  corresponding  deflnit«'icBi. 
ftdjustmcut  of  heat,  and  this  irrespective  of  tlie  mere  size  of  i'""*""- 
the  animal.      Even  those  that  arc  microscopic  must  come  under  this  mlc. 
jVlicn  the  tcmj^raturc  of  a  liquid  containing  infusorials  is  caused  to  de- 
ad to  the  freezing  point  gradually,  the  last  portions  which  solidify  arc 
t  which  sun-ound  each  of  these  little  forms ;  a  drop  is  kept  liquid  by 
be  heat  they  disengage.     In  the  same  individual,  the  absolute  tcmpcra- 
Lii«  will  depend  on  its  respiratory  condition ;  thus  insects,  in  passing 
ttirotigh  each  of  Iheir  stages  of  metamorphosis,  present  a  definite  condi- 
on  as  to  their  heat :  the  larva  of  the  bee  may  bo  only  two  dcgiccs  above 
air,  while  the  ],»erfect  insect  is  10"^.     Whatever  aceelcralcs  the  in- 
iuctiou  and  expulsion  of  the  air,  increases  the  warmth ;  Varkiion*  of 
■o  A  beo  shaken  in  a  bottle,  and  kept  in  a  state  of  constant  it^nrifU'dii 
muscular  exertion,  will  raise  the  temperature  contained  there-  tJon- 
at  £ur  higher  than  if  he  remains  inactive.     Among  insects,  those  having 
ibe  largest  organs  of  respiration  have  always  the  highest  tcm{}erature; 
and,  aince  muscular  motion  implies  destruction  of  muscular  tissue  by  ox- 
idation, and  thcrctbre  devehqinnnt  of  heat,  we  should  expect  to  fmd,  as 
ia  actually  the  case,  that  animals  possessing  the  highest  powers  of  loco- 
Kmotion  w  ill  possess  also  the  higlicst  temperature.     Of  all,  therefore,  birds, 
Vthc  endurance  and  energy  of  whose  powers  of  flight  result  from  llic  per- 
fection of  their  rcspiratoiy  mechanism,  have  the  highest  temperature.     It 
ia  ftboat  110"^.     Yet  even  here  there  ore  diiferencea:  tlic  sluggish  ham- 
L  door  fowl  has  not  the  heat  of  the  energetic  swallow. 
■    The  standard  temperature  of  man  is  nsually  stated  to  be  9S°,  hut  from 
"this  mean  it  ranges  within  certnin  limits  upward  and  down.  Tanpmtura 

IUach  dep-cnds  on  the  state  of  the  he^dth;  of  course,  eveiy  thing  *'^"'»»- 
: 
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on  tbie  respiration.  Li  fevers  it  will  rise  to  105°;  in  tetanus  it  may  leicb 
110°;  the  contrary  in  astlima,  when  it  may  sink  to  82*^,  owing  to  impo- 
feet  access  of  air ;  in  cyanosis  to  77°,  owing  to  imperfect  aeration  of  the 
blood ;  in  Asiatic  cholera  to  75^,  owing  to  the  non-reception  of  oxygen  by 
the  cells  in  their  diseased  state.  It  ulso  varies  with  the  period  of  lilc: 
in  the  new-bom  infant  it  is  100°;  it  presently  sinks  to  99^«  and  rises 
dnring  childhood  to  102°.  Ifcntal  exercise  in  tho  adnlt  increases  it, 
bodily  exertion  still  more.  The  sj)ccial  degree  varies  with  the  point  f» 
which  the  observation  is  mode :  the  limbs  arc  colder  than  the  trunk,  SDil 
lliis  i.s  the  more  marked  as  the  point  is  more  remote.  On  the  leg  the 
tcmpcfatniQ  may  be  93^  ;  on  the  solo  of  the  foot,  DC  ;  while  that  of  tho 
viscera  is  101°, 

In  his  residence  in  diflbrent  climates,  man  is  exposed  to  variations  of 
RHlxunrrof  temperature  which  extend  over  a  scale  of  200^.  Toward 
tiM  human  ..r-  ^jj^  p^^i^g  (!,(.  ^old  of  wintot  13  ol^cn  —60^;  in  the  tropics 
pmlsni  to  ex-  *  -11-  t 

tniiniia  ur  tcio-  the  heat  of  summer  + 1 30^^.     r  or  a  short  period  bis  power  of 

twntutv.  resialanco  is  greatly  beyond  what  these  nnmbera  would  io- 

dicate;  he  can  enter  with  impunity  an  oven  heated  to  000°,  provided  the 
air  is  dry.  In  tUeso  eoAes,  thougli  excessive  evaporation  from  the  akin 
moderates  the  effect  and  keeps  it  within  bounds,  there  is  always  a  mark- 
od  rise  of  tcmperatiiro  of  tfio  whole  bodv.  In  a  corresponding  manneZi 
exposure  to  cold  produces  depression,  us  shown  in  Dr.  Davy's  obsem- 
tions.  At  92^  of  tho  air,  a  tliermomctcr  under  the  tongue  stood  at  100|°; 
at  73°  it  stood  at  09^  ;  at  (JO^  it  stood  at  97  i^. 

Among  these  variations  there  is  one  eUtsa  which  calls  for  critical  at- 
DinrniU  raria-  t*^"^'*^"'  ''  *3  tlic  tliurmd  Variation ;  less  marked  in  roan, 
Uoninilicti>;at  who  iustiiictively  makes  jjrovision  against  it,  but  well  shown 
in  tho  case  of  fasting  animals.  This  illustrateSi  in  an  inter* 
esttng  manner,  the  controlling  inHucnce  of  external  conditions;  for  if  ex- 
posure to  a  high  temperature,  as  that  of  an  oven,  compels  a  rise  of  the 
heat  of  the  whole  body,  in  spite  of  tho  conservative  arrangements,  and 
exposure  to  extreme  cold  compels  a  descent,  we  onght  to  expect  that  €ix- 
poaure  to  more  moderate  degrees  would,  in  like  manner,  produce  an  im- 
pression. 

Tiic  old  astrologers  were  therefore  not  altogether  wrong  when  they  af- 
firmed tlie  doctrine  of  planetary  influences.  The  diurnal  temperatures 
of  a  locality^  as  dependent  on  the  position  of  the  sun,  are  expn*ssed  in 
the  system  of  man.  The  mininmm  of  heat  for  tho  night,  and  tlic  max- 
inmiii  for  the  day,  find  a  correspondence  in  tho  decline  of  animal  temper- 
ature at  the  former,  and  its  rise  at  the  latter  period.  The  experiments 
of  M.  Chossat  on  birds  submitted  to  absolute  star\*ation  showed  that, 
though  in  their  normal  state,  at  the  commencement,  the  variation  between 
midnight  and  noon  was  only  1^°^  it  gradually  increased  to  6°,  until  at 
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ist,  the  generation  of  lieat  wholly  ceasing,  the  temperature  gnvo  way 
jrapidly  just  previous  to  death. 

If,  therefore,  it  was  po3siI>le  for  life  to  continue  without  the  evolution 
lof  animal  heat,  it  would  be  with  the  body  as  it  is  with  the  steni  of  a  tree. 
lit  wodIiI  follow  the  ihermometric  variations  in  the  air,  the  maxima  of 
Lbcat  and  cold  hcing  Komcwimt  later  than  the  aerial  ones,  and  within  nar- 
[rowcr  limits,  by  reason  of  the  low  conducting  power.  The  nearest  a|>- 
Iproach  to  this  is  in  cases  of  absolute  starvation,  and  though  in  niun  tlie 
[cfiect  is  masked  by  the  due  taking  of  food,  it  none  the  less  exists.  In 
I  human  communities  there  is  some  reason  beyond  mere  cus-  influence  of 
torn  which  has  led  to  the  mode  of  distributing  the  daily  f^ii^jj^jj^ 
meals,  A  savage  may  dispatch  his  gluttonous  repast,  and  «iure. 
I  iben  starve  for  want  of  food ;  but  the  more  delicate  constitution  of  tho 
oriUjEcd  man  demands  a  perfect  adjustment  of  tho  supply  to  tlio  wants 
kof  tho  system,  and  that  not  only  as  respects  the  kind,  but  alsotbe  time. 
lit  eeeina  to  be  against  our  instinct  to  commence  the  morning  with  a 
[heavy  meal.  AVc  break  fast,  as  it  is  significantly  termed,  but  we  do 
RO  more,  postponing  the  taking  of  the  chief  supply  until  dinner,  at  tho 
I  middle  or  after  part  of  the  day.  If  men  were  only  guided  by  views  of 
leconomy  of  time  saved  for  the  pursuits  of  business,  or  if,  on  this  occasion, 
jthey  put  in  practice  the  nde  they  observe  on  so  many  otliers,  of  never 
Ipostponing  the  gratification  of  their  desires,  tho  first  affair  of  the  morn- 
ing would  have  been  an  abundant  repast.  But  against  this  something 
villiin  us  revolts,  and  that  in  all  classes,  the  laboring,  the  intellectual, 
llie  idle  I  think  tlicrc  are  many  reasons  for  supposing,  when  wc  recall 
the  time  which  must  elapse  between  the  taking  of  food  and  the  comple- 
tion c^  respiratory  digestion,  that  this  distribution  of  meals  is  not  so 
nnsch  a  matter  of  custom  as  an  instinctive  preparation  for  the  systemic 
riic  and  fall  of  temperature  attending  on  the  maxima  and  minima  of  daily 
heat-     The  light  breakfast  has  a  prejwiratory  reference  to  noonday,  the 

tcoKd  dinner  to  midnight. 
Once  more  I  would  remark,  that  wc  must  not  be  deceived  by  the 
masked  aspect  which  the  system  in  this  matter  presents.  c«mncrtion  of 
Tla  dtnmnl  variations  are   concealed  by  acencics  broucht  v«naiion«of 
specially  mto  operation  for  that  purpose,  but  they  exist  in  f^„ic  pcnodt- 
tbc  physical  ncccsRitics  of  the  case;  and  herein,  I  believe,  ^^^'^ 
m  have  a  first  glimpse  of  ttic  canso  of  those  periodicities,  which  physi- 
cians from  the  earliest  times  have  remarked;  for,  though  the  ncn-ous 
lystera.  both  in  a  state  of  health  and  disease,  may  seem  to  be  their  ori- 

Ipn,  it  ia  not  impossible  that  its  cliangea  are  connected  with  variations 
thus  taking  place  in  the  external  world. 
Wc  have  next  to  consider  tho  effect  of  the  annual  varia-  Annual  v«ri». 
tions  of  temperature,  which  reach  their  maximum  soon  after  tlMMofiwtt 


L 


180 


EFFECT  OP  AKSUAL  YARUTIOXS  OF  HEAT. 


raitUsnmmcr  anJ  their  iiiinimum  soon  after  mid-winter,  the  manner  in 
which  the  system  coniiwrta  itself  under  them,  and  the  means  whicli  in- 
stinct and  experience  teach  us  to  employ  in  pronding  against  thcnu 

The  tallica  of  niortaLity  show  that  tliere  is  a  loss  of  life  at  the  anmi&l 
Effi'ctof  n-  '"^'^'''^""1  *"J  minimum  ut' Icmpemturc  which  greatly  m- 
at  rarUtiuiis  cccJs  the  average  of  any  other  j>eriod.  In  England  and  Bd- 
va  mta.  glum,  where  tlic  mean  tem|K'raturc  of  the  summer  months  is 

moderate,  this  ia  not  so  strikingly  mai'ked  for  those  months,  and  the  chief 
loss  falls  upon  the  winter ;  but  in  New  York,  which  has  a  summer  cor* 
responding  to  tluit  of  the  south  of  Ku rope  and  a  winter  like  that  of  the 
north,  tlic  etlcct  of  these  extremes  becomes  so  obvious  as  ei'en  to  be 
popularly  connected  with  the  [xisition  of  the  thermometer  above  or  bebw 
65°.  Among  infants  and  the  aged,  whose  controlling  powers  over  tem- 
perature are  imperfect,  tliese  effects  ore  most  distinctly  ivitncsscd ;  bol 
among  healthy  adults,  and  even  in  Europe,  wo  can  detect  them  on  crit- 
ical examination.  Thus,  in  Brussels,  the  monthly  mortaUty  for  Jamua7 
being  taken  as  lOfj,  that  for  July  is  91,  for  August  9G,  and  for  Octohw 
93 ;  and  it  is  to  be  rc^Uccted  that  these  arc  the  residual  traces  of  the 
operation  of  cold  and  heat  after  all  the  precautions  Iiavc  been  used  to 
ward  them  otf.  I  might  make  here  the  same  remark  that  was  ina^ 
when  considering  diurnal  variations,  that  the  true  effect  is  so  masked  and 
concealed  that  we  arc  liable  fo  undervalue  it,  and  do  not  properly  appre- 
ciate this  tax  ]mt  upon  the  system, 

Tiicso  annual  variations  of  exteniul  temjKraturc  arc  cliiefly  combsted 
Control  oTrr      ^X  food,  clothing,  and  sheltcj-.     The  dietetic  changes  we.  make 

aanujUvam-  between  winter  and  aumnicr  are  founded  uiwn  the  principle 
ijotu  iiv  rowi,      ^     .  1       -1 1    ,■     1  •      1     *-  .1 

doUiiDj;.  »bcl-    01  usmg  more  combustible  looa  lor  the  fumicr,  and  lc5S  com- 

'*'*  bustiblo  for  the  hitler  season ;  and,  since  tho  caloriHc  ef- 

fect of  an  article  of  foo<l  greatly  depends  on  the  quantity  of  oxidixable 
bytlrogcii  it  contains,  the  winter  diet  haa  moro  of  that  clement  than  the 
summer.  Partly  ihns  by  varying  the  nature,  and  partly  by  rart-ing  llw 
quantity  of  the  food,  we  can  effect  a  compensation  to  a  certain  extent. 

Of  the  manner  in  which  the  dict-compcnsation  is  aided  by  variations 
in  clothing  little  needs  to  be  said.  The  experiments  of  Count  Rumfozd 
established  the  fact  that  the  conductibilJty  of  summer  clotliing  is  greater 
than  tliut  of  winter,  and  tiicrcforc  its  resistance  to  the  escape  of  heat  is 
less.  It  is  snflicicnt  mci'cly  to  allude  to  tho  control  which  is  gained  by 
diftcrenec  of  thickness  in  the  garments,  and  by  their  amount  or  qtmn- 
tity.  Wc  instinctively  make  tliese  adjustincntH  to  meet  the  existing  ex- 
igencies, and,  as  for  as  may  be,  in  this  manner  aim  at  a  medium  effect. 

The  cheek  ujioii  exteninl  temperature  by  the  use  of  clothing  was  doubt- 
less one  of  tht:  first  contrivances  of  the  human  race.  Even  of  savage  life 
it  is  a  cardinal  feature.     The  check  by  adjustment  of  diet  belongs  to  a 
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cirilizptl  sfate,  since  it  implies  a  certain  control  over  the  Qiiimal  appetite 
I  and  peisonal  self-denial.  Though  great  iniprovcnients  in  both  oftlicse 
1  will  doubtless  lierearier  be  made,  when  the  principles  of  their  operation 
ire  more  generally  and  better  understood,  they  must,  even  in  their  pres- 
I  ent  condition,  be  regarded  as  having  reached  a  higher  perfection  than  the 
check  by  resorting  to  sliclter.  The  art  of  constructing  dwelling-houses 
may  bo  said  to  be  yet  in  its  infancy  in  all  parts  of  tlie  world,  „  .  ^ 
ancl  yet  in  po  jtarlicular  is  the  physical  condition  of  females  ptrfoctiom  «f 
and  children,  and  especially  of  the  sick,  more  nearly  fouclicd.  **'"'**'* 
Is  is  oidy  within  our  own  times  that  attention  has  been  drawn  to  the 
'  proper  methods  for  the  admission  of  warmth,  and  air,  and  light ;  the  hy- 
gienic iufluences  of  furniture  and  decoration  arc  unknown,  beyond,  per- 
haps, a  popular  impression  tliat  it  is  unhealthy  to  he.  in  a  recently-paint- 
ed apartment,  incxjicdrent  to  sleep  in  a  rhainbcr  where  there  are  flowers, 
and  uiiplcas&ut  in  summer  to  have  a  carpet  on  the  floor,  because  it  looks 
Trarm,  ond  is  thought  to  generate  dust.  The  owner  of  a  palace,  on  which 
wealth  has  been  fruitlessly  lavished,  finds,  on  a  cold  day,  that  he  can 
not  obtain  from  his  parlor  tiro  tlic  necessary  warmth  unless  by  alternate- 
ly taming  round  and  round.  The  testy  valetudinarian  sits  In  his  eiisy- 
rhxir,  tonncntcd  by  drafts  coming  in  from  ever)*  quarter.  Tn  his  vain 
attempts  to  stop  the  otfcnding  crevices,  it  never  occurs  to  him  that  his 
dunmey  is  a  great  exhausting  machine,  which  is  drawing  the  air  out  of 
ani,  and  tliat  hl.^  means  of  warming  and  ventilation  are  the  most 
hlo  that  could  be  resorted  to,  since  radiation  can  warm  only  one 
aide  of  a  thing  at  a  time,  and  frcsh  sir  under  those  conditions  can  only 
be  introduced  by  drafts. 

To  warm  rooms  by  contrivances  such  as  the  open  fire-place  or  stove 
is  obviously  unphilosophical,  since  the  efiect  of  these  is  to  ex-  ofnntficUl 
hanst  tliC  air  of  the  apartment.  The  modem  method  of  warm-  **™"h. 
lag  by  furnaces,  which  act  by  throwing  air  duly  moistened  and  of  the 
right  tem}ieraturc  into  the  rooms,  and  therefore  by  condensation,  is  clears 
ly  a  better  system,  since  it  not  only  puts  an  end  to  all  drafts,  the 
tendency  being  to  force  air  out  through  every  crevice  instead  of  drawing 
il  in,  but  it  possesses  the  inappreciable  advantagc-s  of  giving  uniibnnity 
of  warmth,  a  perfect  control  over  the  degree  of  heat,  and  likewise  over  the 
ftstorc  of  the  air.  which  need  not  bo  drawn  from  the  cellar,  or  the  con- 
taminated impurity  of  the  street,  but  by  suitable  flues  from  the  free  and 
clear  sir  abovc^  Ventilating  contrivances  which  can  cheaply  and  effectu- 
ally force  a  supply  of  artificially  cooled  air  in  the  summer,  and  warm  air 
ia  the  winter,  into  dwelling-houses,  are  still  a  great  desideratum. 

By  the  aid  of  diet,  clothing,  and  shelter,  wc  are  able  to  effect  an  almost 
ooniplete  compensation  for  the  changes  of  ditumal  and  annual  tcmper- 
,  mod  even  to  occupy  any  climalo  of  the  globe.     It  is  the  manage- 
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meat  of  caloric  which  makes  man  vrhat  he  is,  and  constitatcs  his  special 
prerogative ;  his  degree  ofskill  therein  is  the  measure  of  his  drilization. 
The  distribution  of  plants  and  aniniold,  or,  rather,  their  limitation  vitliin 
fixed  boundaries,  depends  on  the  distribution  of  heal,  but  from  these  te- 
straints  man  h  free,  l)ecAUse  he  can  control  tcmpcmturea. 

From  these  considerations  of  the  effect  of  external  heat  on  the  Imnan 
mechanism,  vo  return  to  a  more  critical  examination  of  the  modes  by 
which  heat  is  gcneratwl,  and  its  degree  nrgiilatcd  in  the  body. 

In  every  instance  vcc  assert  tliat  the  production  of  animal  heat  i»  due 
SotuwofanE-  to  oxidiitiun  taking  ]>lacc  in  the  economy,  and  g:iving  risett* 
aiAi  hML  carbonic  acid,  water,  and  other  ooUatcnd  products.  It  is  not 
necrasory  to  attach  any  weight  to  the  cxiicriments  of  Dulong,  which  seem- 
ed to  indicate  that  not  more  than  four  iiftha  of  the  heat  actually  pro- 
duced could  he  owing  to  the  oxidation  of  carbon,  nor  to  those  of  a  like 
kind  of  Dcsprctz.  The  method  they  resorted  to  for  the  measurement  ot 
the  disengaged  heat  was  open  to  error ;  the  nmubcrs  they  employed  u 
representing  the  combustion  heats  were  imrorrect ;  nor  did  they  make  anr 
Allowaneo  for  other  substances,  such  as  sulphur  and  pboBphorus,  whidi 
are  simultanoonsly  oxidizing,  and  the  products  of  their  combustion  escap- 
ing by  the  kidneys. 

Keducod  to  its  ultimate  conditions,  the  evolution  of  animal  heat  de- 
E(r«ct  of  mora  pends  on  the  reaction  taking  place  between  the  air  intnv- 
iiim««L '••"oi-  ^""^^  ^y  respiration  and  the  food,  and  as  either  one  or  other 
cohol.  of  these  is  touched,  the  result  may  Iw  predicted.     If,  for  es> 

ample,  into  the  digestive  canal  alcoholic  preparations  bo  introduced,  the; 
are  absorbed,  by  reason  of  their  liquid  condition  and  ditiusibility,  wilk 
readiness.  The  combustibility  of  alcohol,  and  the  amount  of  beat  it 
yicldi!,  are  so  grent,  that  the  priman'  ctfcct  of  the  oxidation  which  ensues 
is  a  warmth  or  feverish  sensation.  By  reason  of  the  changes  wliich  arc 
now  taking  place  so  actively  in  it,  the  blood  circulates  with  unwonted 
rapidity,  and  the  supply  to  the  brain  incrcn.'^ing,  that  organ  exhibits  as 
unusual  functional  activit}-.  But  this  display  of  intellection  is  oidy  tem- 
porary, and  an  opposite  condition  soon  comes  on,  for,  more  carbonic  add 
accumulating  in  the  blood  than  the  lungs  can  get  rid  of,  the  depressing 
effects  of  tliat  body  commence,  and  eventually  the  symptoms  of  poison- 
ing by  it  ensue. 

Not  unlike  tiiis  is  the  train  of  effects  which  arise  when,  instead  of  va- 
Effeciof.more  ryiug  thc  nature  of  the  article  ingested,  we  vary  that  of  the 
tarur'of  relni.  K*^  respired.  An  energetic  supporter  of  combustion,  like  thc 
raiioaUionwr.  protoxide  of  nitrogen,  gives  rise  to  a  feverish  glow,  cerebral 
acti^nty,  to  be  followed  eventually  by  a  deep  depression,  the  poisonous 
influence  of  tlie  carlionic  acid  produi^d  being  exhibited.  After  a  while 
the  system  casts  it  off,  and  recovers  its  condition  of  health  completely. 
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If  there  Lo  an  abstinr-Dee:  from  foofl,  since  the  intro<Iaction  of  air  br 
re^iration  mica  on  wiliiout  abatement,  the  body  itself  must    .    . 
undergo  oxidation,  lose  weight,  and  emaciation  occur.     Its  imtuaiusur 
temicacy  to  follow  the  diurnal  variations  of  temperature  be- 
come  more  and  more  strikingly  marked  as  the  proecaa  of  fitan'ation  goes 
OOt  and  finally  a  rapid  and  unclicckcd  decline  of  the  beat  ensues.     Yet 
eren  tlicn  life  may  be  prcscned  by  the  application  of  sufficient  external 
varmth,  and  from  an  extreme  condition  of  attenaalion  on  animal  may  be 
rescued  by  (he  use  of  food ;  but  for  Budi  a  recovery  the  external  warmth 
must  1«  continued  until  there  has  been  time  for  digestion  and  absoqition 
to  take  place.     It',  however,  such  an  extraneous  aid  be  not  duly  applied, 
the  temperature  of  the  star\'ing  animal  goca  on  diminishing,  and  he  dies 
of  cold. 

The  doctruic  we  arc  here  incidcaling,  that  animal  heat  is  due  to  oxid^ 
tion  in  the  system,  is  still  further  strikingly  illustrated  by  pn-^^  ^^ 
what  might  be  termed  stan'ing  the  rejtpiration.  As  cold  is  afiinngnrefled 
iolt  horn  want  of  food,  ao  also  it  is  from  want  of  air.  In  as-  *^'' 
oending  high  mountains,  the  effect  upon  the  system  has  been  graphically 
cxprcBBed  as  '^  a  cold  to  the  marrow  of  the  bones ;"  a  diiHculty  uf  making 
BHUcolar  exertion  is  ex]>erieiieed ;  the  strongest  man  can  scfirecly  take  a 
few  steps  without  resting;  the  operations  of  the  brain  are  interfered  with ; 
there  is  a  propensity  to  sleep.  The  explanation  of  all  this  is  very  clear. 
In  the  accustomed  volume  of  air  received  at  each  inspiration,  tlierc  is  a 
Ices  qnantity  of  oxygen  in  proportion  as  the  altitude  gained  is  higher. 
Koncs  can  scarce  be  made  to  bum  on  such  mountain-tops ;  the  air  is  too 
thin  and  rare  to  support  them  ;  and  so  those  combustions,  which  should 
go  on  at  a  measured  rate  in  the  interior  of  the  body,  ore  greatly  ro- 
daoed  in  intensity,  and  hence  the  sense  of  a  penetrating  cold.  Such 
jonXDCys,  moreover,  illustrate  how  completely  tlie  action  of  tlie  muscular 
Ajralew,  and  olso  of  the  brain,  is  dependent  on  the  intK)duction  of  air; 
and  under  the  opposite  condition  of  tilings,  where  men  descend  in  diving- 
bcUSf  though  surrounded  by  the  chilly  influences  of  the  water,  tliey  cx- 
petieooe  no  corresponding  sensation  of  cold,  because  they  are  breatliiug  a 
compressed  and  condetued  atmosphere. 

The  rrapinitory  apparatus  of  certain  animals  permits  a  reduction  in  the 
anumnt  of  air  introduced  under  exposure  to  a  due  degree  of  „, 
oold.     Such  animals  are  said  to  uybcmatc.     At  the  com-  ii.vi>Fni«tiiig 
ing  on  of  winter  their  aflijiose  tissues  arc  engorged  with  fat.  ■"'"*'*■ 
As  they  pass  into  their  annual  sleep,  the  rate  of  their  respiration  falls. 
The  laannot,  which  in  activity  will  make  140  respirations  in  a  minute, 
mskesDOWbut  3  or  4;  the  temperature  of  thclx)dy  descends,  and  eombas- 
tioo  of  the  store  of  fat  goes  on  more  slowly.     Yet  it  does  go  on,  for,  toward 
r^  the  animal  has  become  very  lean ;  sufficient  heat  is  disengaged  to 
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permit  the  blood  slowly  to  circulate,  and  so  barely  to  keep  np  the  fimc- 
ttons  of  lite.  If,  however,  the  stock  of  material  available  for  coxnbostiaa 
is  iiiiiuHicicnt,  tlie  animal  dies. 

Alllioiigh  wc  can  not  interierc  with  the  rate  of  respiration,  wc  em 
Reducifon  of  »^*^  ^^^  quantity  of  air  introduced  into  the  system  by  icti- 
tprnp-Tsturci.^  ficial  means,  as  in  the  operation  of  blood-letting;  forthoa^ 
main  ui..ri.ia  artcr  blood  lias  be<m  dniwu,  wo  may  muko  I  lie  normal  nnra- 
uaM,  Ijpj.  fyf  respirations,  17  in  a  minute,  and  for  each  introduce 

17  cubic  inches  of  nir,  we  have  diminished  the  number  of  discs,  whidi 
are  the  crirricrs  of  oxygen ;  and,  as  the  cxj>criencc  of  physicians  in  all 
times  has  shown,  tlicrc  is  no  method  so  effectual  in  reducing  any  umuaal 
or  febrile  lfnii>erature.  So,  iii  like  manner,  in  iVsiatic  cholera,  the  marble 
coldness  which  t!ic  body  presents  is  attributable  to  the  loss  of  fuocCioa 
of  the  discs,  and  tlic  consefjuent  abatement  in  the  quantity  of  oxygen  in- 
trod  need. 

Thus  far  we  have  considered  the  means  which  the  animal  mechanism 
u  tuniMn  f  possesses  for  rai^ng  its  own  tcmpentaro ;  it  remains  to  show 
Kdncin^tbo  how  it  can  also  regulate  it.  For  any  thing  that  has  thtis&r 
temtxniun.'.  j^^^  ^^^  ^^  ^j^^  contrar)'.  the  combustions  or  oxidaiiona 
which  arc  continually  going  fonvard  should  establish  a  constant  riae,  and 
there  must  therefore  be  somo  principle  of  r>2straining  sucli  a  riao  irithia 
due  bounds.  Considering  also  tlu3  incessant  vicissitudes  of  atraospheric 
tempeniturCf  a  constant  degree  could  not  be  maintained  unless  the  sys- 
tem possessed  the  means  of  depressing  as  well  as  elevating  its  beat. 

That  tlte  means  of  regulating  the  heat  are  purely  physical,  wc  ahooM 
EO^i  o(  nv-  expect  for  many  very  obvious  reasons.  Economy  of  beat  is 
M^moijaci-  accoinpUsbed  bj  non-conducting  materiat  On  this  princi- 
ibititr.  pie,  hair,  wool,  and  feathers  act  by  excluding  the  contact  of 

the  atmosphere,  their  low  conductibiiity  being  brought  into  opcratioD. 
In  nrnny  cases,  the  manner  in  which  this  is  done  is  clearly  intentional 
Thus  the  down  whicli  is  placed  on  tlte  breast  of  a  water-fowl  is  to  screen 
off  tlie  chUling  influcnco  of  the  water,  which  is  there  cbieiiy  felt  as  the 
bird  swims  on  the  sur^we.  The  deposits  of  fat  in  whales,  their  blubber, 
at  once  atfords  a  pmtection  through  its  imjicrtect  coodnctibility,  and  is 
alfto  a  store  of  combustiblo  material  for  the  purpoae  of  respiration. 

The  chief  cooling  agencM*  in  aninuis  are.  1st,  Radiation ;  2d.  Loss 
Qmmwirmti-  of  beat  by  vanning  the  expired  air;  3d.  Loss  by  contact  of 
in««c«Ktn.  the  cold  external  air ;  -Itb.  Evapontio&  The  drcnUtion  of 
tikfi  blood  tends  to  establish  ao  interior  egnaliiation,  so  tliat  local  ^-aria- 
tions  are  soon  obliletatcd ;  fiar«  thnwgii  whatem  put  the  blood  may  flow, 
it  attains  tbe  lempentuie  tberaof,  and,  pMsing  in  sncoenion  from  part  to 
part,  equaHxea  the  heat  of  alL 

It  would  be  osdcss  to  oficr  any  proof  that  a  Urmg  beia^  liko  an  in^ 
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:uc  mass,  lose*  or  cabs  heat,  us  the  case  mav  he,  hy  radi-  ^ 
n.     hincc,  however,  m  niaii,  the  tcin|K;raturc  is   usuaiiy 
iiigKcr  than  tluit  of  the  surrounding  lucilium,  the  re>*ult  of  tliis  action  is 
that  coolini^  tikes  place.     With  regard  to  loss  of  heat  by  wanning  the 
expired  air,  it  may  be  obsen'ed  that,  whatever  tijo  temperature  of  llic  ex- 
temal  air  may  Iw,  it  is  raised  to  that  of  tlie  lungs  after  it  lias  been  brought 
the  respiratory  jwissages.      This  constitutes,  therefore,  a  cooling 
of  variable  power,  for  the  loss  will  be  greater  as  the  external  licat 
lower:  if  the  atmospheric  temperature  rose  to  98°,  loss  in  this  manner 
would  cease.     Recalling  wiwt  has  been  said  resiwcting  the  mode  in  which 
'«ir  is  intxuduoed,  it  is  plaiu  that  this  loss  will  chie6y  fall  ncatKlrcBtu 
rltpon  tiic  nasal  passages,  the  trachea,  and  larger  ramilications  ilivtixijinuiair. 
of  tlie  bronchial  tubes ;  for,  by  the  time  the  volume  inspired  has  made  it3 
way  licyond  that  limit,  its  temperature  must  be  nearly  that  of  the  body. 
The  contact  of  the  cold  suiTOuudiug  air,  and  more  particular-  ^(^^(^pi  „f  u„ 
ly  of  currents  which  may  be  occurring  in  it,  act  chiefly  upon  surrouuding 
[tbe  ftkin,  and  it  is  in  preventing  this  toss  that  clothing  be- 
'Oomcs  BO  efficient.     The  ditl'c-rcnce  we  so  frcrpiently  notice  between  llic 
indications  of  the  thcnnoractcr  and  our  own  sensations  arc,  fur  the  most 
dependent  on  these  currents.     A  ten)|>eraturc  of  50"^  below  zero  can 
sustained  without  much  inconvenience  if  llio  air  is  pcrii.*ctly  calm, 
hat  not  to  if  there  is  any  wind.     Of  all  the  cooling  agencies,  cvajmration 
Is,  however,  by  far  the  most  energetic.     From  the  skui  and  ^.^jj     ^ 
the  air  cavities,  large  quantities  of  the  vajjor  of  water  are  ex-  cmporwioo  of 
Italed.     As  the  cxlermd  heat  ri?ei',  the  sudorijmrous  lubes  act  *'"*' 
with  increased  energy,  and  jxjur  out  their  excretion  as  drops  of  sweat 
'&ster  than  it  ciui  he  removed.     Their  length  lias  been  estimated  at  28 
inilea.      Since,  atlhe  temperatarc  of  the  body,  the  heat  of  clainlicily  of  the 
vapor  of  water  is  1114^,  thift  continued  vaporization  from  the  skin  and 
loiigs  L3  otie  of  the  most  powerful  sources  of  refrigeration. 

It  may  be  well  to  direct  a  closer  attention  to  the  special  action  of  the 
passages  and  skin  as  concerned  in  these  cooling  process-  v^rui^utv  io 
efl.  The  diurnal  loss  of  water,  by  both  organs  conjointly,  is  ihe  Kciion'of 
osually  estimated  at  3^  lbs.,  of  which  the  pulmouar}'  cxha-  ^'^'  °' 
lation  coni<titutes  about  one  third,  and  the  cutaneous  about  two  thirds. 
Tho  skin  acts  iu  a  variable  manner,  losing  more  or  le^s  water  as  the  ex- 
ternal air  is  dr\'^r  or  more  damp.  The  removal  of  water  tlicrcforc  bc- 
a  complex  operation,  in  wliich  lliree  different  organs  are  concerned 
skin,  the  lungs,  and  the  kidneys.  Of  these,  the  skin  acts  uietcoro- 
;ically  and  variably,  as  has  been  just  remarked,  and  the  rci^piratorj'  or- 
gans for  the  most  part  uniformly.  But  since  it  is  requisite,  in  the  nor- 
mal operations  of  the  system,  that  the  diurnal  average  of  water  shoold  be 
Ted,  the  variable  action  of  the  skin  throws  a  variable  action 
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Tturioas  nf.  '^^  kidncvs,  foF  thc  exocss  that  the  skin  can  not  cvaponte 
tkinurthrkitl-  must  be  Rtraincd  ofT  by  thcso  nrganfl.  In  this  rrgui-d  tk 
"*-'■  kitlncys  act,  therefore,  vicariously  for  thc  skin;  and  in  bot 

weathcrr,  when  tho  cutaneous  losMst  arc  great,  but  little  unnc  is  diBchai^il: 
but  in  cohl  %vejillier,  when  tlic  cutamwua  loss  U  Jiininished,  |]ic  tjiiamitr 
of  the  urine  is  increafte<L 

I  tliiak,  liowevcr,  tliat  as  regaidq  thc  respiratory  organs,  a  disliocUoo 
^  .    .    should  be  made  in  their  mode  of  action.     In  rcalitv,  tiMT 

tha  mir|>a^  opcTstc  in  a  doublc  wny.  1st  They  act,  so  for  as  the  nasal 
"*'*■  passages,  tho  tracheii,  and  hu^r  ramifications  of  tho  bron- 

chial tubes  are  concerned,  meteorologically,  and  tlierefore  variably,  for 
the  introduced  air  possesses  tho  existing  atmospheric  temperuturc ;  is  ti 
one  time  warm>  and  at  another  cold  ;  yet,  sinco  it  always  leaves  these 
|>assaj;c3  at  94^,  it  removes  from  tlicir  surfaces  sometimes  less  and  S0ID^ 
times  more  heat ;  but  it  is  not  so  with  tho  action  going  on  in  the  u^ 
cellsv  the  temperature  of  wliidi,  and  of  the  air  they  contain,  is  ulwtTS 
uniform  ;  and  as  water  vaporizes  into  them,  it  must  always  do  it  at  a  uni- 
form rate,  and  remove  as  its  caloric  of  elasticity  a  uniform  amount  of 
heat.  I  therefore  decompose  thc  loes  of  heat  by  the  respiratory  orgau 
into  two  portions :  one,  which  is  constant,  and  taking  place  in  tho  cells; 
the  other,  varialJe,  occurring  In  the  large  air-ways,  and,  being  meteortH 
logical,  coincides  in  *hij  respect  with  thc  cutaneous  loss.  In  conside^ 
ing  the  diseases  of  the  respiratory  organs,  it  is  well  to  keep  this  distino* 
tion  in  mind. 

Thc  cstabliHhment  of  the  e>]uilibrium  of  temperature  in  an  animal  u 
ItaUnra  itc  etfected  by  the  nmluol  ojH'iration  of  the  ht^ating  and  cooling 
in^'oiMlwolinff  »irrangements.  More  or  lews  heat,  as  the  syRtcm  requires, 
«rTaus«mciiu.  may  be  furnished  by  promoting  or  retarding  thc  oxidation 
of  respiratory  material ;  and  since  a  living  being,  like  an  inorganic  mass, 
is  subject  to  ever}-  external  influence,  its  temperature  tending  to  rise  or 
fall  ns  diumnl,  or  annual,  or  seasonal  changes  may  be,  these,  aa  well  ai 
Ellminitlnn  of  1*3  own  interior  variations,  arc  held  in  check  by  tho  cooling 
l<Kiilvflriaii"n*  ^j  warming  powers  it  can  exert.  Local  diflercnccs  within 
tion  of  the  itself  are  eliminated  in  an  indirect,  but  still  very  cflfectual 
Llood.  manner,  by  thc  circulation  of  the  blood :  and,  considering 

the  range  of  ATiriation  to  wliich  it  is  exposed,  and  tlie  frcq^uoncy  of  the 
changers  tho  required  equilibrium  is  admirably  secured. 

I  have  reserved  for  a  more  siKwial  and  ]>rominent  consideration  the  iu- 
C«ntroi of  iiw  '^^^^"ce  which  the  ncnons  system  exerts  over  animal  heat, 
Dprrotu  «yii.  sinco  it  is  upou  tlus  that  many  have  been  disposed  to  deny 
tho  great  truth  that  the  heat  of  tJie  body  arises  from  oxida- 
tion. Thpy  say  that  it  is  procluccd  by  llic  nerves.  Even  a  mental  emo- 
tion gives  rise  to  disturbance  of  temperature,  and  thc  face  may  be  cover- 
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with  blushes.     Jloreover,  as  exi>eriment8  have  proved,  on  catting  a 

^'e  the  tcmperaliire  of  the  parts  it  supplies  declines;  on  injuring  tiic 

t  nen'c  centres  the  temperature  of  the  whole  system  Iowcth,  oven 

>ugh  artiticial  respiration  may  be  kept  up.     In  cases  of  paralysis,  the 

peraturc  of  the  disablod  part  may  be  very  much  lower  than  tliat  of 

Ihe  eound.     A  paralyzed  ann  has  shown  a  surtaco  beat  of  70'^  only, 

■rhile  the  sound  one  has  been  at  92'^.     It  is  also  said  of  decapitated  aiu- 

IDbIs  that  ibey  cool  (juicker  when  artificial  respiration  is  kept  up  than 

when  tlicy  arc  let  alone. 

AH  this  may  bo  very  true,  yet  it  is  very  tar  from  proving  that  the 
lerrca  arc  the  generators  of  animal  Iieaf.     The  engineer  of  a  locomotive 
regulate  the  sjrccd  of  his  train  and  control  the  production  of  steam  by 
Itrowing  more  or  less  fuel  on  the  tire,  or  by  supplying  it  with  more  or  less 
but  docs  any  one  impute  the  production  of  the  heat  to  him  ?     If 
accident  should  throw  him  off,  thereby  establishing  a  sort  of  analogy 
ecu  liis  machine  and  the  decapitated  animals  we  ba%'C  referred  to,  tbo 
that  would  soon  ensue,  and  the  dying  out  of  the  tire,  would  by 
meuis  prove  that  he  made  the  heat  1 

And  80  witli  the  nervous  system,  its  function  is  not  a  generative,  but 
controlling  one.  It  determines  in  what  way  the  combustive  or  oxidiz- 
ing actions  shall  go  on,  but  that  is  a  totally  ditferent  at&ir  from  forming 
liiD  heat 

\  Before  Bi)eci!ylng  more  particularly  tl;-:;  views  I  entertain  on  this  sub- 
[Ject,  I  will  remark,  that  the  most  supcrlicial  consideration  satisfies  us 
that  oxidation  in  the  system  goes  on  in  a  regulated  way.  There  is  not 
jsn  indijyTiminate  attack  made  by  the  arterial  blood  on  whatever  is  next 
fore  it,  but  those  particles  only  arc  removed  which  the  needs  of  the 
require.  This  tbereforc  implies  some  overriding  or  supenntcnd- 
agency,  which  can  save  one  atom  from  destruction  and  surrender  an- 
other. The  portion  assaulted  may,  to  all  appearances,  be  identical  in 
physical  aspect  and  chemical  constitution  to  an  adjacent  one  tliat  is  pass- 
ed by.  There  seems  to  be  an  arrest  or  suspension  of  atbnity  in  one  case, 
Ind  itff  ready  satistactton  in  the  other. 

I    Ti»crc  arc  some  well-known  facts  in  natural  philosophy  which  throw 
a  flood  of  light  on  this  obscurity.     If  a  piece  of  i^urc  zinc  phvrfrai  uni- 

Ibe  phiced  in  b  {tIoss  of  acidulated  water  beside  a  piece  of  ««"•  **>  ^^ 
r^  *  ,        °    ,  ,  '  .^      ,        TOtiirelortb* 

copper,  ao  long  aa  the  metals  arc  kept  apart  no  action  wliat-  asrvaai  i^*. 

ever  ensues;  bat  if  a  conducting  thread  is  laid  from  one  to  **^' 

tliQ  other,  the  zinc  instantly  begins  to  oxidize,  clouds  of  hydrogen  goa 

^^nbbles  rise  from  the  copper,  and  the  thread  becomes  at  once  red-hot  and 

■bnetic     On  litling  the  communicating  thread  all  these  actions  cease; 

ron  restoring  it  they  instantly  recur.     We  think  wc  explain  them  by  sny- 

iag  that  they  are  all  due  to  the  decomposition  of  water  by  the  zinc     Uut 
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why  was  tlic  zinc  passive  wlitrn  alono,  and  why  did  it  assume  this  activ- 
ity wlien  merely  touched  hy  another  roetul?  Does  not  all  this  son'Olo 
show  that  suhstauces  may  be,  ati  it  werc^  In  &  quiescent  state,  and  on  tin 
npplir^iion  of  what  niay  perhaps  seem  the  most  insignificjuit  caase,inay 
suddenly  assume  activity,  and  forthwith  satisfy  their  chemical  affinities^ 
There  is  nothing  in  tho  graduated  oxidations  going  on  in  the  system 
more  obscaro  or  more  unaccountable  t)ian  the  phenomena  of  a  simple 
Voltaic  circle.     Their  eflects  arc  almost  parallel. 

All  elementary  substances  apjicnr  to  have  tlic  quality  of  assnming  active 
Alloti«i4mor  aiid  passive  conditions.  Carbon,  moreover,  presents  many 
******  intcnnediate  forms.     As  diamond  it  is  extremely  incomba*- 

liblo,  and  is  set  on  lire  with  difliculty  even  in  oxygen  gas;  as  lampblack 
it  will  kindle  B|K)ntaneouely.  ^^'ilh  these  dificrcncca  in  its  relations  with 
o-xygcn,  it  also  exhibits  great  variations  in  its  optical,  cajorific,  mechan- 
ical, and  other  properties.  These  transitions  of  state  may  be  induced  by 
various  causes,  esjjocially  by  the  agency  of  what  arc  called  the  ini|y)n- 
dernblc  principles,  as  hy  rise  of  temperature,  ai:d  exposure  to  the  sun- 
light. Thus,  in  the  case  of  chlorine,  1  have  shown  that,  thoo^i  it  re- 
fuses to  combine  with  hydrogen  so  long  as  it  is  in  tho  dark,  an  exposure 
to  indigo-colored  light  will  cause  it  to  unite  with  explosive  energy  with 
that  substance ;  and  these  peculiarities  are  retained  by  bodies  when 
they  go  into  union  with  each  other.  Thus  there  are  two  forms  of  phos- 
phorus, the  one  active  and  shining  in  the  dark,  and  therefore  readily  oxi- 
dizable ;  the  other  passive,  not  shining  in  the  dark,  and  with  therefore  a 
less  affinity  for  oxygen ;  and  these  severally  give  rise  to  two  varieties 
of  phosjilmreled  hydrogen,  which,  thougli  having  the  same  composition, 
yet  dilTcr  in  this  respect,  that  tlic  one  containing  the  active  form  of  phos- 
pliorus  is  sjwntancously  combustible  in  the  air,  but  the  other,  which  con- 
tains the  passive  fonn,  is  not  spontaneously  combustible.  Phosphorus 
is  thrown  from  the  active  to  the  inactive  state  by  mere  exposure  to  the 
more  refrangible  rays  of  tlie  sun. 

The  pro|)ejtie3  here  spoken  of  have  been  designated  by  Berzelios  as 
Anotro|.i«m  of  ^'^^  allotropism  of  bixlies,  I  have  endeavored  to  prove  that 
orgauUwi  boJ-  allotropism  is  the  true  cause  of  many  of  the  obscure  facts 
which  we  meet  with  in  tho  animal  mechanism  ;  for  it  is  very 
clear  that  something  so  modilies  the  relations  of  tho  tissues  to  oxygen 
that  they  are  not  indiscriminately  destroyed  by  it,  but  these  parts  yield 
in  a  measured  or  regulated  way ;  and  since,  in  inorganic  substances,  tlie 
influence  of  tlie  imixtndcrables  can  compel  the  assumption  of  an  active  or 
passive  state,  there  is  nothing  contradictory  in  imputing  to  the  ncr\-oufi 
system  a  similar  power. 

In  this  manner  we  may  therefore  conclude  that,  so  far  as  tissue  dfr- 
fitruction  is  concerned,  the  ncnotis  system  possesses  a  governing  or  con- 
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trolling  power;  timt  iy  kcepuij*  ])ort3  in  Btntes  answering  to  the  pnssive 
and  active  comlitions  of  inorganic  chemistry,  it  can  suspend  the  action  of 
the  respired  oxygen  or  permit  it  to  take  effect.  Tliis  controlling  power 
is,  however,  altogetJier  distinct  from  a  generative  one,  and  all  the  heat  dis- 
engaged ia  due  to  oxidation.  It  is  also  possible  that  not  only  an^  tlioso 
'  fltates  of  activity  or  ])as3ivity  impressed  on  tlie  tissues  by  the  agency  of 
the  Dcrves,  but  als^)  ujwn  the  respired  oxygen  itself,  since  that  gas  is  no 
cjtccption  to  the  rule;  it  also  exhibits  allolropism.  Its  passive  state  is 
Priestley's  oxygen,  its  active  is  Ozone.  lu  its  transit  from  the  air-cells 
into  the  blood  it  may  experience  such  a  cliange,  and  hare  at  ouce  com- 
municated to  it  a  high  degree  of  activity. 


CILVPTER  XI. 
OF  SECRETION. 


BRSOrS,  MCCOL'S,  AVtt  nEl'ATX   BBCBCnOKS. 

OAfM^  t>/  S**Tttien.—  Tsp«  »f  uttrtting  Mteiiam»m.—FiUraHtm  md  CeU  AeiiM.—O/  Serevt 
UtmbroMeM  trnd  thtir  ^teretion*. —  Q/' J/inv«m  Mti^roM*  <ad  fkeir  S^crttioia. — 0/Utpativ  Se- 
trttiMu. —  The  fJoer;  iU  Deve/iymtnit  and  Strttrturr. — Sotirct^  l^tumtit^,  Com/msilioa,  F/mj; 
amit  f'iovr  o/(ke  UUe, — Existence  <(f'Miarji  hujreilivnU  in  lAelitoml. — /Vof/wfttin  'i/S*fjar  and 
ftal  n  t&t  Lirrr. — 0MMtjtJi  of' the  filawl-frlh  in  it. — Cewrtd  Svmmary  of  the  four-fold  ArAioa 
Q^cAfl  Liprr:  it  pr^dmtx  Svgar  and  Fat,  tiiminatts  Bile,  it  the  Heat  (tf'thejinai  Jjtstntction 
of  old  lUood-ctUM^  a»d  q/ the  CompietioR  of  new  One*. — 0/ thi  dnctUts  GlaiuU. —  ThtSpUem 
ita  f'toKtivtu. 

Two  classes  of  substances  occur  in  the  blood — the  products  of  decay 
and  the  elements  of  nutrition.  The  equilibrium  of  the  system  requires 
that  the  former  should  l>c  removed  and  the  latter  appropriate*!. 

The  primary  object  of  the  function  of  secretion  is  this  dii^iiLiasol  and 
appropriation,  and  thejefore,  through  the  latter  duty,  secre-  oi.jteior«c». 
tion  IxTomns  eoiinected  with  nutrition.  '■**"• 

The  elementary  type  of  a  gland  or  organ  of  secretion  consists  of  a  sae, 
on  the  interior  of  the  wall  of  which  a  network  of  arterial  raniifi-  tvp*  of  a 
cations  is  spread;  tins  delivers  its  blood  into  a  sirnilur  network  kI'"'J- 
of  veins.  The  matter  which  the  gland  is  destined  to  separate  tKJzes 
fipom  the  arterial  capillaries  into  the  interior  of  the  sac,  and  is  delivered 
thnragh  the  neck  or  mouth  thereof,  which  may  be  sjxiken  of  as  the  duct. 
It  will  be  presently  shown  tliat  the  material  which  thus  finds  its  way 
into  the  interior  of  the  sac  is  not  fabricated  by  that  organism,  bat  is 
brought  to  it  pre-existing  in  the  aflluent  current  of  arterial  blcwd.  As 
our  knowledge  of  the  functions  of  glandular  structures  becomes  more 


t 


190  TicARiora  SEciurnoy. 

precise,  the  has  and  Icjw  docs  it  appear  probable  that  the  secretctl  matter 
is  in  any  way  engendered  by  the  glaiid  itself. 

Since,  with  the  exception  of  the  lungs,  which  excrete  carbonic  acid  and 
Chuiic*  in  ^TO'  ***  water,  all  the  great  glaiid.s  remove  the  materia]  ther 
pUnduiar  are  concerned  with  in  a  state  of  Hquid  solntion,  it  follows  of 
*"^'  necessity  that  the  blood  of  the  artcn,'  snpplying  the  gland,  and 
that  removed  by  tlie  vein  from  tlie  gland,  difter  in  two  respects :  Ist  In 
the  peculiar  material  oonstituting  the  Bolid  secreted:  and.  2d.  lu  tbo 
quantity  of  water.  From  the  hitter  cause  it  must  follow  that  the  venous 
blood  will  ha^-e  a  p'latcr  gpissitude  than  the  arterial. 

Thi3  elementary  or  typical  fonn  of  a  gland  is  but  very  little  deported 
from  in  those  cases  in  which  the  sac  is  elongated  into  a  tube ;  and  eren 
wheni  this  has  been  extended  to  an  exaggerated  degree,  the  cs.'cntial 
principle  of  action  still  remains  the  same. 

From  tbo  constancy  of  aspect  which  glands  present,  wc  might  be  led 
Influfttr*  of  at  first  to  BuppoHti  that  their  peculiaritic?  of  construction  de- 
bjvidJ^'ao-  **irn'i"c  tbelr  physiological  action,  that  the  liver  secretes  bil^ 
tioa.  and  the  kidney  urine,  because  they  have  the  spexnal  organ- 

ization wiiich  i-'*  nccdtid  for  eucli  purposes.  Such  a  supposition,  liow- 
c\'cr,  has  to  be  received  with  much  limitation,  as  is  proved  by  numlxr- 
less  cases  of  vicarious  action.  Thus,  in  morbid  difficulties  of  the  liver, 
the  skin  will  discliarge  its  duty  for  it  in  the  elimination  of  the  bile;  and 
in  derangements  of  the  kidneys,  the  maminar}'  gland,  the  mucous  mem- 
brane of  the  nose,  or  even  tl»e  Btomach,  will  disuluir^i?  urine,  Constniet* 
ive  arrangements  Ilivc  therefore  for  their  objectthe  facilitating ofaai^erft* 
tion,  but  they  do  not  produce  it.  Thus  the  liver  is  far  better  fitted  (of 
separating  bile,  or  tlie  kidney  urine,  than  is  the  skin  for  c.ich  of  these  re- 
spectively ;  bat  if  they  become  incapacitated,  the  akin  ir>  able  to  act  viefr' 
riously  for  them. 

Though  such  vicarious  action  has  been  denied  by  Foroe  physiologiJtB 
C«nnMiiafi  of  as  being  totally  incompatible  ^vith  Rimtomical  indications,  ft 
"tiw^uu^A-  "">''*?  profound  conception  of  the  law  of  development  of  thesa 
opmarit.  structures  nmy  satiHty  us  that  it  is  in  reality  a  physiologicil 

probability,  apart  from  the  evidence  we  have  often  derived  from  interest- 
ing instances  of  its  actual  occurrencot  It  will  be  seen,  when  we  treat  of 
the  primitive  appearance  of  the  different  secreting  organs,  tliat  they  are^ 
in  reality,  all  evolved,  as  it  were,  from  a  common  surfaoo  or  membmne^ 
tliat  this  primitive  surface  diacliarpcd,  though  perhaps  in  a  confui«ed  way, 
all  their  functions  collectively;  and  that  in  dcvciopraent  the  niling  idea 
seems  to  be  the  eeparating  out,  or  localizing  upon  a  determinate  spot  or 
region,  structures  which  should  have  the  duty*  in  a  special  manner  at- 
tached to  them,  of  removing  this  or  that  partiadar  substance,  a  central- 
ization or  concentration  of  action  thus  occurrinjf.     There  is  therefore 
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Botbing  extraordinary  lliat,  under  iho  pressure  of  circumstances,  one  of 
the  special  structures  should,  in  an  imperfect  way»  resume  the  aetioa 
wiiich  it  once  enjoyed,  while  it  was  j'et  a  part  of  the  common  structure ; 
but,  however  this  may  be,  the  cases  of  vicarious  action  arc  too  numer- 
ous and  too  well  autlicnticated  to  admit  of  any  doubt. 

Though  these  vicarious  actions  may  be  in  a  certain  degree  impei-fect, 
tbey  are  of  the  highest  importance  pliysiologically,  since  they  indicate  the 
ttne  nature  of  tlie  function,  and  place  the  in6ucnce  of  structure  in  its 
proper  attitude. 

The  separation  of  material  from  the  blood  may,  however,  for  the  pres- 
ent, be  considered  as  conducted  in  two  different  ways ;  Ist,  by  llltration ; 
2d,  by  cell  action. 

Secretion  by  filtration  is,  of  course,  a  purely  physical  act.  The  trans- 
udation of  water  cliarged  with  saline  substances,  or  with  more  Sfpamina  of 
or  less  of  albumen,  seems  to  imply  nothing  but  the  escaj>c  of  "/"'Jj^oJ^y 
pteK^xisting  bodies  tlirough  pervious  or  porous  membranes,  titration. 
Sach  a  result  is  presented  in  the  case  of  the  lacliryirial  gland,  the  duty 
of  which  is  to  accompiisli  a  dt-finite  mecJianical  ojicration  for  tlie  eye  in 
koepuig  the  coniea  clear  and  transparent.  This  mcclianical  function  ia 
a^in  (observed  in  the  case  of  the  serous  membranes,  and  parlitularly  the 
synovia]  ones,  in  wliich  the  relief  of  friction  of  movable  parts  sccnis  to  be 
iho  object  aimed  at. 

As  long  as  tho  material  secreted  clearly  pre-exists  in  the  blood,  it  is 
necdlcsjf  to  refer  secretion  to  any  other  principle  than  the  simple  one  of 
transudation  or  filtration.  It  would  be  unphilosopliical  to  sup]X)se  that 
tlws  WhrjTnal  gland  exercises  any  pro(jerty  for  the  formation  or  produc- 
tion of  water  when  by  mere  transudation  copious  supplies  of  that  sub- 
stance can  be  obtained  from  the  blood. 

But  pccrction  is,  moreover,  |)erhaps  connected  with  cell  life.     On  tho 
upjicT  part  of  the  intestine  of  the  young  chick,  a  few  cells   s«cretion  1.7 
make  their  appearance  about  the  fourth  day  of  incubation.    «;il«cUon. 
Tbey  are  eventually  recogni7.ed  as  bile-containing  cells  from  the  color  of 
their  contents.     As  the  process  go<^5  on,  the  sjwt  they  occupy  buds  off, 
as  it  were,  so  as  to  produce  a  blind  pouch.     This  oflahoot,  with  its  ex- 
h  tenor  cells,  is  eventually,  wlien  perfect  development  is  reached,  the  liver. 
■  Seeming  organs  of  this  glandular  class,  and  also  mcmbranc.<>,  possess  a 
V  general  analogy:  they  consist  of  a  structureless  basement  mcinbrauc,  with 
cells  upon  its  surlacc,  and  a  supply  of  blood-vesaels.     The  cells  are  not 
penistent,  but  lead  a  ycry  transitory  life,  apparently  elaborating  the  ma- 
terial with  which  they  are  charged,  and  then  undergoing  nipture  or  dcli- 
quesGenco. 

Our  conclusion  respecting  the  mode  of  action  of  secreting  cells  turns 
altogether  upon  the  evidence  of  the  power  they  possess  of  preparing  ma- 
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fcriid  which  did  not  preexist  in  the  blood.  Thui^.  it*  it  should  lie  shown 
tliat,  under  normal  circunistanctis,  the  elements  of  bile  arc  not  found  in  the 
blood,  the  inference  might  he  drawn  that  the  hepatic  cells  display  a  com- 
biniiig,  or,  as  it  were^  a  preparing  power;  and  so  likewise  in  the  ca?c  of 
other  secreting  ceUs ;  but  the  weight  to  be  attached  to  such  evidence  is 
greatly  aiToctcd  by  the  consideration  that  the  action  of  each  gland  orse- 
DlfflcnitvoMe-  crcting  Apparatus  masks  what  is  rcsUy  going  nn  in  the  sys- 
iTwcSu I"  *^'"-  ^'  *^  possible  t!mt  wc  may  be  scarcely  able  to  di?cor- 
Um  blood.  cr  the  traces  of  substances  in  the  blood,  and  yet  a  tcudcucr 
may  exij^t  for  their  accunmlatlon  to  a  great  extent.  Tims  thery  can  he 
no  doubt  that  urea  would  abound  through  the  disintegration  of  the  roas- 
cular  stmctiires,  and  the  use  of  nitrogenized  food,  if  it  were  not  for  the 
action  of  the  kidneys.  It  is  the  vcrj'  |)erfcclion  of  that  action  which  so 
diminishes  the  amount  in  the  circulation  as  to  prevent  us,  c.\ct:pt  with 
difficultvt  from  detecting  the  presence  of  the  ingredient. 

Nor  is  tliis  all,  for  it  ouglit  to  be  rcmembci'ed  that  many  of  the  prod- 
ucts of  secretion  arc  substances  undergoing  retrograde  metamorphoses, 
and  have  therefore,  as  it  were,  in  themsclres,  an  interior  principle  of 
change.  It  is  conceivable  that  things  which  did  not  pre-exist  in  the 
blood  may  yet  ootnir  in  the  secretions,  coming  there,  not  through  the 
agency  of  cell-life,  but  liecjiuse  of  tlic  downwanl  conrsc  toward  an  inor- 
ganic condition  through  which  the  secretion  is  spontaneously  passing.. 

Of  the  more  prominent  substances  in  the  chief  secretions,  many  indis- 
putably pre-exist  in  the  blood.  Urea,  choleslcrinc,  casein,  are  examples. 
Wherever  this  occurs,  tlie  removal  is  unqnestionably  duo  to  mere  filtra- 
tion. AVTiy  should  it  be  supixiscd  that  tlic  cells  of  the  kidneys  Iwve  any 
duty  of  combining  material  presented  (o  them  into  urea,  or  those  of  the 
lircr  into  cholcsterine,  or  those  of  tlie  mammary-  glands  into  casein  ?  As 
our  methods  of  examining  the  blood  become  more  perfect,  this  formatiTc 
or  grouping  action,  once  so  largely  imputed  to  the  secreting  ccltst  be- 
comes more  and  more  rcstriclcd. 

The  cases  in  which  the  influence  of  cells  is  indispntablc  arc  those  which 

Omdiiion*  i.f  *^^*^^  ^^  "*^  combinations  of  progressive  metaniorjdiosis.  Of 
fitraiion  and  thcsc,  the  moflt  Striking  instance  is  the  preparation  of  the  sper- 
otcvW  aciian.  ^^^-^^  jj^^jj^  Perhaps  we  should  not  be  very  far  froni  the  truth 
if  we  considered  all  those  secretions  in  which  the  materials  arc  in  a  state  of 
retrograde  metamorphosis,  or  in  a  de~scending  career,  as  arising  by  mere 
filtration,  and  tbo?c  which  are  ascending  to  a  higher  grade  as  due  to  cell 
agency;  between  the  t^vo  there  being  an  intermediate  class,  the  phase  of 
which  is  stationary,  and  in  which  cells  may  or  may  not  bo  necessarily 
involved,  as,  for  instance,  tiie  transmutation  of  one  fat  into  another,  or 
the  preparation  of  sugar  from  albumenoid  bodies. 

The  apparatus  for  secretion  is  generally  conveniently  ticatcd  of  under 
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twohe&ds:  1st.  Kcmbranca,  sucli  OS  the  serous  undniucons;  2(1.  Glands, 
as  the  liver,  kidney.  This  division  is,  however,  not  founded  cither  on 
Btmctiiral  or  functional  ditferenccs,  and  is  to  he  prescn-cd  merely  for  tlio 
sftkc  of  convenience. 

A  secreting  membrane  consists  essentially  of  a  tunic  of  connective  tis- 
sne^  affording  a  nidus  for  vessels  und  nurses.  UjM>n  tliis,  in  the  opinion 
of  many  anatomists,  a  ihin  basement  membrane  is  laid,  the  existence  of 
which  is  denied  by  others.  Upon  the  surface  of  the  basement  membrane 
there  is  a  layer  of  cells,  the  form  and  arrangement  of  which  differ  in 
diflcrcDt  regions.  In  some  places  the  cells  arc  flat,  in  others  cylindroid. 
Their  duration  is  tcmporarj',  one  brood  succeeding  another  from  germs  on 
the  basement  membrane.  Tlio  supcriicia],  and,  tlicreforc,  the  ohlcr  cells, 
desqnamate  or  dcliqucscCt  and  are  replaced  by  others  from  bcnc^ith.  It 
ia  asuAlly  said  that  the  serous  membranes,  with  the  exception  -^. 
of  the  peritoneum,  arc  all  closed  sacs,  the  pcriloneum  being  i.rnnwujd 
perforated  where  the  timhriated  extremities  of  tlic  Fallopian  *  r»ccreuon. 
tabes  open  into  the  abdominal  cavity  in  the  mammalia,  and  in  fishes 
through  the  lateral  anal  openings.  The  generality  of  this  view  is  now 
called  in  question,  both  as  regards  the  synovial  sacs  and  bursa?  mucosa.% 
whicb  all  belong  to  this  group.  Thus  Kolliker  regards  the  synodal 
Ptmctnres  as  tubes  open  at  both  ends,  and  attached  by  their  edges  round 
the  articular  surfaces  of  the  bones. 

However  this  may  be,  even  tlic  peritoneum  is  practically  a  shut  sac 
Accumulations  of  water  witliin  it  do  not  escajx:  tlirough  the  apertures  of 
the  FaUnpian  tnbcs,  nor  can  air  bo  injected  the  opposite  way. 

The  fluid  exuding  from  the  serous  surfaces  is  a  dilute  albuminotis  80- 
Intion,  more  dilute  as  it  is  presented  in  tlxe  ventricles  of  the  „        ^  . . 

,       .  ,  ,  .       1  .  ,  .  .        .  Scroui  fluid*. 

bram,  and  more  concentrated  m  the  synovial  cavities,  its  con- 
sisteacy  in  the  latter  case  being  such  that  it  may  sometimes  be  drawn 
out  in  tenacious  thrcadii.  The  mcclLauicol  qiialities  of  these  various  ex- 
udations permit  a  certain  freedom  of  motion  in  the  parts  to  wlueh  they 
are  applietl.  Thus  the  secretion  of  the  peritoneum  facilitates  the  mov&- 
menlA  of  the  abdominal  viscera ;  those  of  the  pericardium  and  pleura,  of 
the  heart  and  lungs ;  those  of  the  synovial  membranes  and  bursie  mu- 
cosjp^  of  the  joints  and  tendons. 

The  nature  of  serous  secretions  may  be  illustrated  by  the  cascJi  of 
ilaids  collected  from  the  abdomhial  and  thoracic  cavities,  &c  They 
are  usoally  ^  a  iaint  yellowish  color,  clear  or  turbid,  reaction  alkaline, 
and  flometimcB  containing  so  much  albumen  as  to  coagulate  readily  on 
heating. 
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TABLE  I. 
Flmd  of  Atcitet.    {From  Marehmd.) 

Water. 9">2.30 

Albumen 23,80 

Urea 4.20 

Chloride  of  sodium 8.10 

Carbonate  of  soda 2.10 

Phosphate  and  traces  of  sulphate  of  soda 0.60 

A  viscid  substance P-W) 

lUOU.OU 

TABLE  n. 
Aadtes  tcitk  Sf^tpnratiam  of  both  Kidaeift.     (From  Simon.') 

Water 978,00 

Fat  containing  cholostcrino 1.00 

Albninen^ 8.40 

Alcohol  extract 0.80 

Spirit  extract 1.70 

Carbonate  of  Boda  and  phosphate  of  lime 1.20 

Chloride  of  sodium  and  lactate  of  soda 6.80 

Urea 1.20 

Loss „ 1.40 

IUUU.00 

TABLE  m. 
Pleural  Effusion.    (From  (Suaon.) 

Water 934.72 

Fibrin 1.02 

Fat 1.0.-> 

Alcohol  extract,  with  salts 1.35 

Spirit  extract,  with  salts 10.64 

Albuminate  of  soda 17.66 

Albumen 81.00 

Fixed  salts 9.50 

Gain  in  analysis 7.14 

lUOO.OO 

To  the  alx)vc  may  Ikj  added  tlic  following  interesting  instances  of  fi 
of  hydrocele,  in  which  attention  should  be  particxilarly  directed  to  the 
ciurence  of  cholcsterine  and  other  bile  constituents.  In  the  case  ■ 
sented  in  Table  IV.,  the  fluid  was  observed  to  sparkle  when  shaken 
consequence  of  the  numberless  crystals  of  cholcsterine : 

TABLE  IV. 
Fluid  of  Ilifdroctle.     (From  Simon.") 

Water 860.00 

Cholestcrine,  with  a  little  marj;ariue  and  oleic  acid      8.40 

Albumen 48.30 

Albuminate  of  soda  and  extractive  matter -  6.88 

Extractive  matter  soluble  in  alcohol 2.30 

Chlorides  of  sodium  and  calcium,  a  little  sul-  > 

phato  and  traces  of  phosphate  of  lime J      '"  " 

Phosphate  of  lime  and  traces  of  peroxide  of  iron...        .70 

Loss O.tK) 

1000.00 
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TABLE  V. 
fUd  q^llydrooeie.    (Fnm  HrStr.) 

"Water 919.20 

Albumen » &&.00 

FfM  f«t l.CO 

Soda  aoa|i,  liJIipTiiiein,  hnunato-globolLn,  dissolved  J       . «  fu, 

tucmolin,  and  cxtniclive j 

Fixed  salts l.m 

lUUO.lK) 

TABLE  VI. 
FUid  0/ ns<ifwxk,    iFromlitUtr.) 

TYalcr 906.36 

Albumen 60.00 

Fat  containing  cholcarerine 0.23 

E>:tmctivo  inntterK,  Ipiliphiieiti,  »odji  soap 24.04 

Fixed  Baits,  chiufij^  diloride  «f  sodium 9.S7 

1000.00 

TABLE  Vn. 
Sj/wcialFimtL    {From  FrtritA*.) 

Water 948.00 

Mncus  oud  G[uthclitiui C.OO 

Fat 0.70- 

Albumen  and  extroclive ,„ 85.00 

Salt* 0.00 

Low 2.30 

1000.00 

I  liave  introducod  tlieac  tiiblcs  not  only  for  the  purpose  of  exhibiting 
lUe  nature  of  the  6u.id  yielded  by  membranes  of  tlic  serous  Proaucuofw- 
group,  Intt  also  for  (he  sake  of  llie  important  evidence  tliey  5^in^'\^^''' 
offer  aa  regards  the  function  of  secretion  itself.  In  tlie  in-  l>lood. 
fancy  of  physiology  it  was  universally  believed  that  the  special  function 
of  each  gland  arose  from  its  jicculiarity  of  construction ;  that  thus,  by  the 
Ii\'er,  out  of  blood  in  which  they  did  not  pre-exist,  cbolestcrinc  and  its 
flilied  bile  compounds  were  made;  that  thus,  by  the  kidney,  nre.i  was 
formed.  Kven  in  more  recent  times  a  modification  of  this  doctrine  has 
prevailed,  and  to  the  cells  of  which  glands  are  so  largely  composed,  the 
duty  has  Ixien  attributed  of  forming  special  products.  In  this  way,  we 
still  constantly  speak  of  tlie  bile-secrcting  cells  of  the  liver;  hut  tlic  pre- 
ceding tables  indisputably  show  that  these  vor}'  compounds,  cholcster- 
inc,  bibphaein,  urea,  etc.,  may  make  their  appearance  in  distant  places, 
oozing  irom  surfaces  wholly  devoid  of  the  sup}>08ed  special  mechanism. 
Tn  cases  in  whicli  there  occurs  structural  degeneration  of  the  kidneys, 
for  instance,  urea  at  once  makes  its  appearance  in  unaccustomed  places, 
as  though,  when  tlie  readiest  avenues  through  which  it  might  have  es- 
caped have  failed,  it  bursts  forth  or  oozes  out  at  the  weakest  point. 
With  such  results,  the  idea  of  leakage  or  straining  seems  to  be  inscjiara- 
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h\y  connoetetl ;  and,  moreover,  an  enlarged  view  of  the  operation  of  cU 
life  seeiDS  tu  indicate  tliat  the  general  action  of  those  organisms  is'.o 
produce  a  formative  result,  the  grouping  of  amorphous  into  orguuied 
material,  and  the  elaboration  of  that  material  into  more  complicated  and 
higher  forms.  Hut  man3r  of  the  most  im^x)rtant  coustltuents  of  the  va- 
rious secretions  are  indisputably  tilings  wiiich  arc  on  tlie  downward  ca- 
reer, fast  passing  to  the  inorganic  state.  3[any  of  Ihem,  as  presented  in 
the  bile  or  in  the  urine,  run  through  a  scries  of  spuntaneous  changes, 
which  end  in  the  appearance  of  truly  inorganic  bodies.  For  the  fabrica- 
tion of  such  substances,  half  inorganic  themselves,  it  is  scarcely  to  U' 
thought  that  cell  life  should  be  necessary;  and  these,  with  many  otlic: 
such  considerations,  recall  the  observation  I  made  a  few  pages  back,  tlut 
the  more  profoundly  wc  study  the  composition  and  constitution  of  se- 
creted tluids,  and  the  more  accurately  we  understand  tlie  function  of  se- 
cretion itself,  the  less  are  wc  disposed  to  invoke  the  agency  of  cell  lite, 
and  to  rely  the  more  on  the  ordinary  meclmnical  act  of  strainagc 

That  the  different  secreting  surfaces  exercise  an  elective  cUmination  on 
KlMtira  (iitra-  materials  existing  in  the  blood,  some  i)ermitting  tlic  esc^ 
nan.  of  one,  and  some  of  another  in^tedient  more  readily,  maybe 

demonstrated  irom  their  action  on  saline  substances  purposely  iDtrodncod 
into  the  blood.  Thus  the  iodide  of  [)otassium  was  delected  by  Benuid 
in  the  suliva,  j>anereutie  juice,  and  the  tears  in  less  than  one  minute, 
but  in  the  urine  and  hilc  not  until  after  an  hour.  Tlie  fcrrocyanido  of 
potassium  could  be  recognized  in  tlic  urine  in  seven  minutes,  but  not  at 
all  in  the  saliva.  In  like  manner,  cane-sugar  and  grape-sugar  appear  In 
the  secretions  of  the  kidneys  and  liver,  but  not  in  those  of  the  pancreas 
and  salivary  glands.  The  lactate  of  iron,  injected  into  tlie  veins,  fur- 
nishes no  iron  to  the  saliva,  but  both  iodine  and  iron  can  be  recognized 
in  that  secretion  after  tlie  administration  of  the  iodide  of  iron. 

Upon  the  whole,  we  may  ihcrcfiti-o  conclude  tliat  very  many  substances 
are  strained  from  the  blood  in  whicb  they  naturally  occur  by  membranes 
and  glamls,  which,  from  the  circumstance  that  they  arc  of  varioofl  con- 
struction and  ]x>sscss  a  ditlcrent  physical  nature-,  tan  better  adapted,  some 
for  the  removal  of  one,  and  some  for  the  removal  of  another  comjiound. 

Among  secreting  surfaces  the  mucous  membranes  arc  usually  cnumer- 
Of  mqroin  atcd.  Strictly  speakirg,  however,  tliey  arc  scarcely  so  ranch 
*nTi'hc*r«m.  »ccc*^"6  surfaces  as  the  seat  of  numberless  sccroting  organ- 
tioa.  isms.     They  line  the  interior  of  the  digestive,  respiratoij', 

urinary,  and  generative  apparatuses,  and  ore  characterized  by  e:£trcme  vas- 
cularity. In  structure  they  consist  of  several  different  layers  or  regions, 
the  undermost  txting  submucous  c^ular  tissue,  upon  which  is  spread  tlie 
proper  mucous  membrane,  containing  couucctive  and  elastic  tissue,  which 
affords  a  nidus  for  blood-vessels  and  nerves.     Upon  tliis  is  the  basement 
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membrane,  covered  with  epithelial  cells.  In  many  regions  this  componnd 
Btructiire  rises  into  elevations,  aa  in  the  intestinal  villi,  or  sinks  into  do 
pTCRsion.s  as  in  the  follicles. 

The  epitheUul  cells  arc  of  different  kinds,  sometimes  flat,  giving  origin 
to  tesselaled  or  pavement  eiiithelium,  and  sometimes  cvlin- 

...  ,  ,,.,,.  n     ■  .  11  I        EpitbcliiilceJI*. 

droiUf  each  cell,  in  this  case,  being  set  vertically  upon  the 
iMsenient  membrane.  In  many  instances,  the  cylindroid  nucleated  cells 
are  furnished  upon  tlicir  ontrr  oxtrcmity  with  vibrating  cilia,  constituting 
cilintcil  cylindroid  epithelium.  Both  forms  of  epithelium,  the  tesselated 
and  the  cylindroid,  coexist  in  glandular  duets.  The  origin  of  the  cells 
is  in  the  basement  motnbrane,  from  germs  arising  there ;  and  as  the  older 
and  therefore  supcriiciul  cells  exuviate  or  deliquesce,  new  ones  arise  to 
take  their  places. 

After  what  has  been  said,  it  is  not  receasary  to  give  a  detailed  do* 
scription  of  mucous  surfaces  farther  than  to  state  that  from  rpoperti,.j 
ibcm  there  is  furnished  a  viscid,  gtalry  fluid,  of  different  shades  ofi^uciw. 
of  color  from  white  to  yellow,  denser  than  water,  and  insoluble  therein. 
Examined  by  the  microscope,  it  contains  granuUr  coqmscles  .and  epithe- 
lial cells.  Its  reaction  is  alkaline,  and  its  proximate  constituent  is  a  sub- 
stance to  which  the  name  of  mucin  has  been  given.  Derived  from  dif- 
ferent source-s,  as  the  nasal,  bronchial,  and  pulmonary  surfaces,  the  in- 
tcstimtl  canal,  and  the  urinnr}'  and  gall  bladders,  it  exhibits  spcciHc  dif- 
ferences. Its  quantity  is  often  greatly  increased  by  morbid  causes,  as, 
for  example,  in  catarrh,  its  comjiosition  likewise  varying  at  different 
stages  of  the  same  disease.  Its  use,  for  the  most  part,  seems  to  be  the 
|nx>tecIion  of  the  delicate  structure  which  secretes  it.  In  some  positions, 
as  in  the  intestinal  canal,  it  likewise  probably  acts  in  the  way  of  rcUcv- 
ing  friction  of  the  substances  passing  over  surfaces. 

(}f  8*^crctinf/  Ghtnds, — The  typical  form  of  secreting  cell-gland  is  a 
single  cell,  with  its  nucleus  at  the  lower  end,  the  other  end  simiJeMc-iikii 
having  beeomi*.  o^wn  by  deliquescence  or  dehiscence,  and  thus  feU-feOauJ. 
constituting  a  sac.  From  the  nucleus  thus  situated  at  tlio  end  of  the 
cavity  broods  of  young  cells  arise.  These  become  more  pci-fcet  as  they 
advance  towanj  the  mouth  of  tlie  sac.  The  outer  wall,  and  esifcciaUy 
the  region  of  the  nuclens,  is  furnished  copiously  with  blood-vessels. 

Of  such  structures,  variously  modified,  the  different  glands  are  com- 
posed. We  sliall  now  jjroceed  to  the  description  of  the  more  imjiortant 
of  these,  as  the  liver,  kidneys,  mammary  gland,  &c.,  again  impressing 
the  remark  tliat,  though  all  tliese  glands  arc  the  seats  of  myriads  of  cells, 

I  cell  life  is  for  increased  organization,  and  secretion  is  in  many  instances 
nothing  more  than  filtration  or  strainage.  We  shall  endeavor,  as  the 
occasion  arises,  to  bIiow,  in  the  case  of  each  gland,  wliat  part  of  its  action 
b  due  io  cell  influence,  and  what  to  such  mechanical  permeation. 
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OF  THE  LU'ER. 
Tlic  firat  nppcnrancQ  of  a  Ijile-socrcting  organ  la  the  occuirenoe  of  jtl- 
Koditnouof  lo""  cells  variously  ecaltereJ.  npon  the  lining  membrane  of  l!ic 
the  Uver.  digestive  cavity,  as  in  the  Iiydra.  A  concentration  or  local- 
ization next  ensues,  such  yellow  cclla  bcuig  grouped  upon  the  wall  of  ik 
intestine  nt  a  definite  8fK»t.  A  ca'oal  projection,  in  the  higher  tribes, 
eocms  next  to  force  out  the  yellow  cells,  bearing  them  on  its  exterior,  ss 
in  the  uudi branchiate  gasteropoda;  and  as  these  coeca  arc  prolonged 
more  and  more,  so,  in  a  more  definite  manner,  docs  the  nidimcntary  liver 
appear.  In  molluscs  tlus  ]>artition  is  sullicicntly  distinct.  The  spcdal 
form  which  the  I>epatic  ajiparatus  jiresents  in  diiferent  tribes  varies  very 
greatly,  though  doubtless  the  principle  of  construction  and  of  action  is 
Fisf.  Bi  always  the  same.     Thus,  in  insect*,  the  liver  con- 

sists of  long  tubes  of  delicate  membrane,  cOTCKod 
with  secreting  cells,  small  and  gemi-likc  near  the 
distant  end  of  the  tube,  but  more  jjcriect  at  the 
mouth.  These  tubes  ore  in  relation  with  an  adi- 
pose mass,  which  is  probably  connected  with  tht 
origin  of  the  cells.  The  dilTcrcut  condition  of 
these  cells,  when  comjiared  at  the  bottom  nad  at 
the  mouth  of  the  bilosac,  is  well  seen  in  tlit 
case  of  cnislaccans,  ns  in  J^iff.  82,  one  of  tlie  he- 
patic cocca  of  the  cray-tish.  The  letters  at  the 
side  show  the  state  of  iho  cells  in  diflerent  posi- 
tions toward  the  mouth  of  the  follicle.  At  a  they 
contain  yellow  biliarj-  matter  only  ;  at  i,  oil  glob- 
ules are  appearing  in  them,  which  become  more 
distinct  at  t* ,'  and  toward  d  and  e  they  present 
the  appearance  of  onlinary  fat-cells.  Thus,  ex- 
amined at  the  bottom  of  the  follicle,  the  cells  arc 
biliary,  and  as  we  advance  to  the  mouth  they  bc- 
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come  fatty.     {Leiby.) 

The  comparative  anatomy  of  the  liver  is  repeated  in  its  order  of  devel- 
PeveiopmCTit  opmcnt  in  the  high  vertebrated  animals.  In  them  it  is  firet 
«ftboliv*.>r.  detected  in  an  evolution  of  cells  upon  the  intestinal  wall,  at 
the  point  which  is  eventually  to  be  the  place  of  discharge  of  the  common 
bile-duct.  This  agglomemtion  of  bile-cclU  is  next  seen  to  project  or  bud 
off  (hrou^'h  the  intrusion  of  n  ctrcal  pouch.  In  the  amphioxus  the  con- 
dition thus  i-cachcd  remains  permanent,  and  is  the  coanterpiurt  of  the  liver 
of  a  fuwl  about  the  fourth  day  of  incul>ation.  The  ca'cal  pouch  next 
sends  forth  ramiBcatiotis,  which  ore  likewise  accommodated  with  cells, 
and  these,  branching  again,  give  origin  to  a  complicated  structure     In 
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his  condition,  the  mouth  of  the  ctKcam  becomes  drawn  out  and  narrowed 
own,  and  so  forms  the  rudiment  of  an  hepatic  duct. 
In  man,  the  liver  ia  the  largest  ghind  in  the  body :  it  is  of  a  reddish- 
own  color,  dense,  and  from  three  to  five  pounds  i[i  weight ;  i>p»rriptioa  gf 
Qvex  on  its  upper,  and  concave  on  its  inferior  surface.  It  i'*^  ''^■<""- 
five  lobes :  the  right  lobe,  the  left  lobe,  tlie  lobus  rjuadralus,  the  lo- 
spigelii,  and  lobus  caudatus.  It  is  held  in  its  position  by  dupli- 
jeaturcs  of  peritoneum  and  by  a  libroua  cord  termed  its  ligaments.  Its 
ritoueol  envelope  is  the  cause  of  its  glossy  appearance ;  its  cellular  en- 
ope  extends  into  the  interior  as  sheaths  for  the  vessels.  Five  classes 
' vcsmU  arc  found  within  it:  the  branches  of  tlie  portal  vein,  those  of 
I  bepatlc  BTterVy  those  of  the  liepatic  veins,  the  lymphatics,  and  the  he- 
atic  ducts;  the  latter,  converging  eventually  into  a  trunk,  the  hepatic 
duct,  joins  with  the  cystic  duct  to  form  the  ductus  communis  cliolcdo- 
yiy.  83.  chus,  which  discharges  its  contents 

into  the  duodenum,  as  seen  in  7^^, 
83,  in  which  a  is  the  gall-bladder, 
which  constitutes  a  temporary  recep- 
tacle for  the  bile,  b  the  cystic  duct, 
d  the  hepatic  duct,  c  its  branches,  e 
the  ductus  cliolcdochus,  and  A  its 
0[)ening  into  the  duodenum. 
:        Tbc  ute^ocu  «.kriDB  th«  i^^^  jjj^  gall-bhtdder  is  wanting  iu  in- 

il^-ertebratcd  animals,  and  tirst  makes  its  appearance  in  a  rudimentary 
I'CODdiUon  as  a  dilatation  of  the  bile-duct :  it  is  absent  in  tlie  horse,  pres- 
|«nt  in  the  ox. ;  in  the  camclopard  it  was  absent  in  one  individual,  and 
ithe  nest  that  happened  to  be  examined  hfid  two. 

The  intimate  structure  of  the  liver  iu  man  is,  in  many  particulars,  still 
jamperfectly  known,  though  the  attention  of  the  most  eminent  i„ijoi„tri.!nic- 
liKuitomists  has  been  devoted  to  it.  It  may,  however,  be  un-  tun:  of  the  Uv- 
tderstood  that  each  hepatic  vein,  commencing  in  the  substance  "" 
(lof  the  liver,  bears  upon  its  capillaries  small  portions  called  lobules,  from 
be  -Jj  to  the  Jj.  of  an  inch  in  diameter,  in  a  manner  which  calls  to  mind 
fy  81  the  arrangement  of  leaves  on  a  branch,  or 

a  bunch  of  grapes,  as  represented  in  I^iff, 
84,  a  being  the  vein,  ^^  ^,  i,  leaf-like  lob- 
ules on  iJs  branches.  Excluding  the  lyni- 
1^  phatics,  it  may  be  said  tliat  four  different 
systems  of  vessels  are  ciigagcd  in  the  liver, 
the  portal  vein  and  hepatic  artery,  tlic  bile- 
ducts  and  hepatic  veins.  The  first  pair 
•ue«»nmiBih«it.b«i.«ofth-.*tivor.     r^^  nflcrcnt,  the  second  pair  efferent  vcs- 

Thc  portal  vein  brings  the  blood  from  which  bile  is  to  be  sccre- 
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ted ;  the  Hepatic  artery  brings  Rcrated  blood  for  tho  noarUhinent  of  the 
gland ;  the  bile-ducta  carry  away  the  biliar}'  8Ccr«tion  which  has  bocD 
separated  from  the  ]Kirtal  blood,  and  the  residue,  takca  charge  <^  by  the 
hepatic  veins,  is  eventually  carried  back,  into  the  genei«l  circulation 
through  the  vena  cava. 

A  general  idea  of  tho  inodo  of  arrangement  of  tlie  fotir  vessels  in  the 

liver  may  be  obtained  by  recallix^ 
the  iUui^tration  just  given,  that  the 
lobules  are  placed  on  tho  commence^ 
nicnt  of  tlie  hepatic  veins,  Iik*>  grapes 
on  tJicir  stalks.  The  vein  originate? 
in  the  centre  of  each  lobule,  as  shown 
at  a  <7,  in  J^iff.  85,  and  exhibits  thoB 
Tf^^i:^/  n  ray-like  kind  of  dii-ergcnce.     On 

tlic  |)criphery  of  each  lobule,  at  b,  b.  A, 
as  it  were  on  the  surface  of  the 
grape,  tho  other  three  vessels  ram- 
ify. Of  them  tho  ported  veinlcts  dip 
down  into  tho  substance  of  the  lol> 
ulc.  The  hepatic  artcrioa  likewise 
enter  for  the  purpose  of  gi>-ing  nutri* 
In  J^t'ff.  86,  Of  a  are  the  commencing  hepatic  or  jntnn 
^  lobular  veins  of  two  lobnles ;  b,  6, 

tlie  biliary  ducts ;   e,  tnterlobuhff 
tissue ;  d  rf,  parenchyma  of  the  lob- 

&     ^.^fi5*?5t^Oi^:^8fesi«>32\  .       ^1*^-     ^^'ith  respect  to    the  bite- 

ducts,  which  are  prominently  rep- 
|_  resented  in  this  figure,  it  is  not  pos- 
r^^  itively  known  whether  they  pro- 
ceed beyond  tlio  suriacc,  and  the 
manner  in  which  they  are  related 
\l  to  the  secreting  colls,  and  receive 
the  liquid  yirJdcd  by  tlicm,  is  a  sub- 
ject of  controversy.  The  inters 
spaces  between  the  capillaries  that  have  entered  the  lobtJes  arc  filled  up 
with  these  cells. 

It  is  not  known  whether  the  hepatic  artery  discbarges  its  blood  into 

HeMtlcctllB    ^''*^  IH>r1al  capillaries,  or  into  those  of  the  hepatic  vein »  and, 

for  this  reason,  it  is  doubtful  wliether  that  blood  takes  part 

in  the  secretion  of  the  bile.     The  secreting  ceJls  have  nudeolated  nuclei, 

and  are  about  tlie  yj^nj  of  an  uich  in  diameter. 

In  J^i(/,  87,  at  a,  a,  a,  tlieir  normal  state  is  shown.     They  arc  filled 
with  a  yellowish,  granular  soft  substance  ;  &tbbla  the  appearance  of  fat 
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j^bnlea,  wliich  increase  in  nanil>cr  and  aize  at  <r,  c,  c,  c.     They  thus  con- 
I  tain  both  biliary  material  and  oil  globules,  the  quantity  of  the  latter  van,'- 
i\j.  6T,  big  with  the  nature  of  the  food,  and 

9^\  ^.r*.  ^^  certain  difieaaed  conditions  occur- 
ring to  so  great  an  extent  as  to  ^ve 
riac  to  tlic  aspect  knonni  a3  **  fatty 
liver."  Thi«  accumulation  of  fat  is 
connected  with  the  respiratory  func- 
tion, not  only  in  conditions  of  dis- 
ease, but  even  in  a  state  of  health ; 
for,  tlie  more  energetic  the  rcspira- 

ttion,  the  more  free  is  the  liver  from  fat. 
Aa  the  chyle  pnss&§  througli  t]ic  mesenteric  glands  before  it  is  dis- 
charged into  the  circulation,  so  do  the  matters  which  have  liecn  taken  tip 
by  tlie  rasciiior  absorbents  pass  to  the  liver.  In  Chapter  IV.  the  bile, 
which  is  secreted  from  the  portal  blood,  is  treated  of  as  taking  part  in  the 
function  of  digestion;  but  there  is  another  aspect  under  which  we  have 
_    now  to  rc^rd  it. 

B  We  sjtcak  of  tlie  circulation  of  the  blood,  because,  setting  out  from  tho 
^UfBTt,  it  comes  back  thereto,  pursuing  a  course;  which  retnnis  nyn,-,ii,tiicgi 
^npon  itself.  Ill  the  sjimc  metaphorical  manner,  accoixling  to  »i.ir«lc«>un«of 
the  views  of  some,  we  might  Bj>f'ttk  of  the  spiral  motion  of  '"  '  "' 
the  bile;  for  those  of  its  constituents,  which  arc  first  taken  from  the  stom- 
acli  and  small  intestine  by  their  veins,  apjiciir  to  jiass  in  the  portal  circu- 
lation to  the  liver.  In  tiiiit  gland  a  preliminary  partition  of  the  constitu- 
ents of  the  portal  blood  ensues,  one  stream  setting  off  to  the  general  dr- 
culation  through  the  hepatic  veins,  and  another,  the  bile  itself,  returning 
to  the  intestine.  In  the  intestine  another  partition  ensues  ;  the  coloring 
matter  of  the  bile  is  dismis^ted  with  the  faeces,  and  the  residue,  taken  up 
by  the  lacteals,  passes  through  the  mcflcnteric  glands,  and,  either  by  tlie 
tlioracic  duct  or  otherwise,  gets  into  the  blood  circulation.  It  may  there- 
fore be  perhaps  thought  that  the  constituents  of  the  bile  have  been  twice, 
in  close  pucccsaion,  in  the  digestive  cavity,  and  have  been  twice  iihsorb- 
ed,  first  by  the  veins,  and  then  by  the  lacteals;  and  that,  as  it  were,  a 
spiral  course  has  been  pursued. 

ITlic  question  at  once  arises,  what  is  the  object  of  such  a  course  ?  Why 
is  there  this  return  to  the  digestive  cavity  ?  The  answer  commonly  given 
is,  tiic  bile  takes  part  in  promoting  the  operation  of  digestion.  iJut  the 
return  may  perlwps  be,  not  for  the  purpose  of  inducing  digestion,  but  for 
the  purpose  of  beiug  acted  on  or  digested  itself.  The  separation  of  its 
coloring  matter,  just  alluded  to,  is  a  significant  fact. 

The  jwrtal  blood,  as  it  is  preparing  to  enter  the  liver,  may  bo  regarded 
aa  systemic  venous  blood,  the  constitution  of  which  has  been  altered 
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through  the  additiong  made  to  it  by  absorption  of  matters  irom  the  stoiD- 
r  tnnrtf    **^^  **"**  intestine.     Wo  may  overlook  for  tlie  present  tliosc 
iiitfj'oriii  hiuwi  coatributiouB  it  receives  from  the  veins  of  the  spleen  and  oib* 
hi  the  hvcr.       ^j,  goiir^,^^^    Regarding  it,  tlicrclbrc,  as  systemic  venous  Uood. 
charged  with  certain  of  tlic  products  of  digestion,  it  enters  the  liver  tote 
acted  njwn  by  thut  gland.     The  first  effect  upon  it  is,  in  a  chemical  point 
of  view,  well  marked.     The  stream  which  sets  off  to  the  general  circuU- 
tion  tlirongh  the  Iiepatic  veins  may  be  said  to  cany  uwuy  the  whole  of  the 
nitrogciiized  material ;  for  the  bile,  which  is  at  this  point  parted  out  mA 
sent  back  to  the  intestine  tlux>ugh  t}ti!  biliary'  ducts>  docs  not  contain  man 
than  4  per  cent,  of  nitrogen,  and  this  excluMve  of  the  water  which  im- 
Connte  and     P*'^  '°  **  ^^^  liquid  condition.     jVrri\'cd  in  the  intestine,  a  rep- 
•apttniUcmof  ctition  of  the  same  process  of  {lartition  takes  place,  tlie  color> 

"  ' "'  iiig  matter,  whicli  contains  nearly  the  whole  of  this  residual  ni- 
trogen, bt'ing  di&niisscd  witli  the  fa'ccs,  and  tlu5  remaining  hydrodxboD 
taken  up  by  the  lacteals  along  with  otlier  fats. 

The  first  duty  of  the  liver  is  therefore  a  separation  of  tlic  nitrogcniwd 
principles  of  tlio  portal  blood,  which  are  forthwith  carried  into  the  geo- 
cral  cinndation  tlirough  the  hepatic  veins  and  the  vena  cava.  The  result 
is,  that  there  is  returned  to  the  intestine  a  sulphurcletl  hydrocarbon,  still 
containing  so  much  nitrogen  as  to  form  a  very  nnstablc  product,  prono 
even  to  spontaneous  decomposition.  1  n  the  intestine  its  nitrogen  is  whol- 
ly removed  from  it,  and  tlie  combustible  hydrocarbon  is  then  absorbed. 

The  portal  blood,  regarded  under  the  aspect  here  presented,  is  obvi- 
FVom  lut  O'^^^y  composed  of  two  constituents:  1st.  Systemic  vcnota 
aoarccUtliA  blood ;  2d.  ilattcrs  obtained  from  the  digestive  cavity.  Wc 
bOedsrirodr  ^^^^  inquire  from  whicli  of  these  the  bile  is  really  derived. 

Besides  the  presumptive  evidence  arising  from  the  consideration  that 
if  the  bile  originated  from  matters  which  had  been  just  absorbed  from 
the  digestive  cavity,  it  would  l)e  inconceivable  why  it  should  lie  rctamcd 
forthwith  thereto,  its  quality  of  extreme  instability  marks  it  out  ns  a  sub- 
stance fust  approaching  to  final  disorganization  and  dccomi>osition.  It 
bears  no  aspect  of  a  histogenctic  or  formative  body,  but,  on  the  contmy, 
it  is  on  the  downward  course.  We  shoidd  scarcely  expect  to  rccognue 
it  as  a  primary  product  of  tlie  digestive  action,  but  should  seek  its  prob- 
able origin  in  some  source  of  decay. 

Whatever  weight  may  attach  to  such  considerations,  we  tiave,  in  addi- 
tion, direct  evidence  which  places  tlie  source  of  the  bile  beyond  doubt  by 
rRferring  it  to  tlic  systemic  venous  blood,  and  not  to  the  matters  just  ob- 
tained from  the  digestive*  cavity. 

During  fa?tal  liti%  the  digestive  organs  are  in  an  inactive  state,  but  the 
liver,  which  is  largely  developed,  discharges  its  secretion  into  the  intes- 
tine. This  secretion,  which  is  known  as  the  meconium,  is  a  true  bile,  as 
the  following  analysis  proves. 
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CofMfiotilion  o/"  Mfcottiam.     (From  Summ.) 

Cholerterinc 160.00 

ICxtrocUru  ui<l  Ulifclliiiic  acid UO.OO 

Casein 340.00 

Bilifellinic  udd  stid  btUa „ CO.OO 

Bilivcrdio  nnd  tiUrollinic  iu:id 40.00 

Celb,  muciw,  idbumcD 2GO.O0 

1U0O.UO 

Dr.  Davy  found  lliat  the  ash  left  after  the  ineincralion  of  a  eaiiiple  of 
mecoiuam  is  of  a  reddbh  color,  consisting  chiefly  of  peroxide  of  iron  and 
DiagTiGsia,  with  a  trace  of  phosphate  of  lime  and  chloride  of  sodiuni. 

During  ficlal  life  the  liver  is  therefore  discharging  the  same  function 
that  it  doca  after  aerial  respiration  has  commenced,  tEiat  is  u  <)«>«  not 
to  say,  it  secretes  bile  (meconium)  into  the  intestine;  hut  at  ^°"*!'  'i"'"  '^, 
tins  period,  Hincc  there  is  no  true  digestion,  the  bile  can  pmJucu. 
come  from  one  source  alone,  and  that  source  is  the  Bystcniic  venous 
blood.  There  therefore  can  remain  no  doubt  tliat,  in  after  life,  the  samo 
effect  takes  place,  and  that  the  bile  is  never  derived  from  materials  which 
Juve  just  been  brought  from  the  digestive  cavities. 

^    I  therefore  regard  tlic  bile  aa  an  iixcrction  of  matcriaiR  whicli  arc  do- 
compoKinjj  and  ready  to  be  removed  from  the  system.     I  in-  , 

*  o  f  ^  ...  "  comes  irora 

cline  to  the  supposition  that  much  of  it  is  deiivcd  from  the   itirrtnonj 
cells  of  tlie  blood,  the  lit't;  of  which  is  only  temporary,  for  the 
BBsein  of  the  meconium  is  nothing  but  the  globulin  of  tlie  cells,  the  two 
Fubstanccs  being  chcmiwdly  allied,  nnd  the  predominance  of  iron  in  the 
ash  of  meconium  seems  to  establish  a  connection  with  ha^matin.     ilorc- 

er,  this  opinion  is  supported  by  the  remarkablo  stabiUty  of  many  of 
ic  nitrogcnized  coloring  matters,  the  analogies  between  ha-matin  and 

lorophyl,  and  particularly  liy  tlie  fact  ihal  in  the  herbivora  the  coloring 
atter  of  the  bile  is  undislinguishablc  from  clUorophyl,  and  in  most  oth- 

trihes  closely  allied  tliereto. 

In  any  discussion  of  the  action  of  the  liver,  it  is  thus  to  be  constantly 
borne  in  mind  that  the  portal  blood  consists  of  two  distinct  portions,  sys- 
temic venous  blood  and  matters  absorbed  from  the  digestive  apparatus. 
Iterived  from  the  first  of  tliese  portions,  we  trace  the  origin  of  the  bile  to 
the  waste  of  the  tissues,  or  to  the  blood-cells  on  their  downward  career; 
Itnd  hence  we  arrive  at  the  important  conclusion  tlmt  every  proximate 
Kmstitucnt  of  the  bile  pre-c.xists  in  the  systemic  venous  blood. 

Lehmann,  inchning  to  the  view  that  the  formation  of  the  bile  oecura 
in  the  liver  itself,  quotes  the  experiments  of  Sliillcr  and  Atitnj[>t*todc- 
Kunc,  who,  after  tvinj;  the  portal  vein  and  applying  liea-  ''''^"'  '-■'"'''•'  '"■■'^* 

II    •  ."      ^  ,  ^  »      1-         ■     ,'  aniMiile  pig. 

tozes  to  all  the  points  of  attaclimcnt  oi  the  hvcr  in  irogs,  ex-  mvat  in  Uie 
tirpated  Diat  organ,  and  collected  the  blood  of  those  which  ^'"^ 
Burvivcd  the  operation  for  two  or  three  days,  by  amputating  their  (highs. 
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It  was  expected  ihat  in  this  blood,  bile  pigment  and  cliolic  aciJ  wooU 
be  found  if  the  original  formation  of  those  Bubstaocca  took  place  txxa- 
nalljr  to  the  liver.  Such  did  not  prove  to  be  the  case.  It  may,  hoircrrr, 
be  justly  inferred  that  no  reliable  conclusion  can  be  drawn  after  opoft- 
tiona  of  such  magnitude  and  severity. 

The  alleged  inability  to  detect  the  constituents  of  the  bile  in  tbeUood 
Cause  of  iliU  of  thc  portal  vcIn  is  probably  due  to  tlie  defects  of  ourtni- 
ftSn's'iao  Jr  h'^^^^^  processes,  for  it  is  very  clear  from  the  circnmstjuwe 
the  Lioo.1.  tliat  thc  bile  which  is  poured  into  the  intestine  must  be  reab- 
sorbed, with  the  exception  of  its  coloring  material,  either  hv  the  laemb 
or  the  veins,  or  by  both,  since  it  is  not  found  in  the  excrement.  Tlirougli 
whichever  of  these  channels  it  passes,  it  must  therefore  regain  llic  gen- 
crnl  circulation,  for  it  can  not  be  supposed  that  in  thc  short  period  of  its 
course  it  could  have  undergone  complete  metamorphosis. 

We  may  therefore  assume  that  the  proximate  ingredients  of  bile  pre- 
exist  in  the  blood,  and  this  conclusion  is  enforced  by  the  fact  that,  after 
tying  the  vena  porta,  bile,  though  in  a  diminished  quantity,  is  still  9^ 
crctetL  Thc  same  also  occurs  in  those  cases  of  malformation  in  whicb 
that  vessel,  instead  of  ramifying  into  the  liver,  em2>lie-s  directly  into  the 
vena  cava.  When  there  is  any  failure  or  delay  in  the  removal  of  bile 
from  the  system,  t!ic  eftccts  are  such  as  might  even  be  predicted,  nervouB 
disturltancc  ensuing,  and  eventually  all  the  9^^nptoms  of  poisoning.  The 
circumstance  that  this  last  eficct  often  takes  place  8u«Menly,  has  been  Iff 
sonic  supposed  to  be  dcjiendcnt  on  thc  necessity  for  llic  bile  to  accninn- 
late,  to  a  certain  extent,  but  it  is  much  more  likely  that  it  is  dctennined 
by  thc  metamorphosis  of  the  decomjwsing  bile  having  reached  a  ccrtab 
jxjint,  when  s|>ccial  poisonous  products  have  spontaneously  arisen  from  it. 

Bile,  from  whatever  animal  it  may  have  been  dcrivM.  contains  a  resin* 
Consiitution  of  ous  soda  salt,  a  coloring  material,  chole.-itcrlne,  and  mncns. 
**''*■  The  acid  of  the  soda  salt  is  the  tanrocholic  or  glycocho- 

lic.  Tlio  coloring  matter  in  carnivorous  and  omnivorous  animals  is 
brown,  tlie  chnlepyrrlnn  of  Berzelius ;  but  in  birds,  fishes,  and  amphitua, 
it  is  green,  Lilivenlin.  Strecker  makes  the  curious  remark  respecting  the 
bile  of  fishes,  that  in  those  which  are  of  salt  water,  potash  salts  predoni* 
inate  ;  and  in  those  of  fresh  watpr.  soda  salts.  Among  the  ultimate  ele- 
ments occurring  in  thc  bile,  and  lieing  of  special  interest,  may  1w  men- 
ConAiitutiuaof  tioned  sulphur,  which  exists  in  tanrine,  of  which  the  com- 
tanrun:.  position  is  C^,  IL,  N,  S^,  O^.     It  may  be  obtained  from  ox- 

gall ;  it  has  likewise  been  made  artificially  by  Strecker  from  thc  iscthi- 
onate  of  ammonia.  It  is  distinguished  by  evolWug  sulphurous  add 
when  burnt  in  thc  ojwn  air.  It  docs  not  exist  in  thc  bile  in  an  insa- 
latcd  condition,  but  probably  as  an  adjunct  to  cholic  acid,  and  lias  been 
found  in  tliat  secretion  of  both  hot  and  cold-blooded  animals.     It  lias, 
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lowever,  been  asserted  that  sulp]iur»  and  Ibercforc  faurocholic  acid,  does 
sot  exist  in  tliu  bile  of  tlic  hog. 

The  bile  13  secreted  more  slowly  during  a  long  pcrioU  of  fasting,  and 
jDore  rapidly  during  normal  nutrition.  To  a  certain  extent,  ProdueUon  of 
thia  Tariable  rate  depends  on  llic  general  principle  that  a  ''''*■ 
gland  acts  more  energetically  in  proportion  as  the  supply  of  blood  sent 
to  it  is  greater.  If  not  wanted  for  the  present  purpose,  tiic  product  is 
storuj  up,  for  a  time,  in  the  gall-blnddcr. 

WUtn  the  bile  has  bccu  long  retained  ui  the  gall-bladder,  it  becomes 
concentrated  through  the  removal  of  a  portion  of  its  water:  chnnt^oTbilo 
it  also  undergoes  a  change  of  color.  In  animals  whose  ho-  «**«  ivtemioa. 
patie  bile  is  yellow  or  brown,  the  cystic  bile  has  a  tendency  to  green,  a 
dwDge  of  color  dependent  on  partial  oxidation,  occasioned  by  the  arte- 
rial blooil. 

The  tlow  of  bile  takes  plaeo  with  diticrent  degrees  of  r.ipidity  at  dif- 
ferent dinmal  periods :  thus  it  reaches  its  maximum  in  from  ^^^^  otmmx- 
thirteen  to  lifteon  hours  after  the  last  lull  meal,  and  then  iinum  How  or 
npiiUy  diuuui.-:hcs. 

Bidder  and  Schmidt  estimate  the  diurnal  secretion  in  an  adult  at  54 
Oz.t  containing  o  per  cent,  of  solid  matter,  an  estimate  which  is  undoubt- 
edly too  liigh,  so  far  as  an  average  diet  and  state  of  health  are  implied. 
It  is  asserted  lliat  a  diet  of  fleah  tends  to  produce  more  bile  than  one  of 
m  purely  amylaceous  kind.  Even  the  u°te  of  a  large  quantity  of  water 
incTMses  its  amount,  and  this  as  regards  its  solid  constituents.  Kemc- 
dial  agents  act  in  various  ways.  Calomel  increases  the  fluid,  but  di- 
miniabes  the  solid  constituents.  Carbonate  of  soda  diminishes  botlu 
Again,  there  arc  great  variations  in  the  rale  of  its  production:  the  circum- 
stance just  mentioned,  tliut  its  maximum  How  is  several  hours  after  the 
maximum  digestion,  is  important  as  regards  the  explanation  of  its  forma- 
tion, showing  signilicantly  that  it  is  not  directly  produced  from  matters 
recently  absorlx^d  from  the  intestine,  but  from  the  systemic  venous  blood. 

Bat  the  liver  lias  other  duties  to  discharge  besides  the  separation  of 
bile.      It  gives  origin  to  sugar  and  fat,  as  is  proved  by  tJie  Other  dutie* of 
cinrtuustance  that  the  blood  of  the  hepatic  veins  is  richer  in  ^i^j'^'p^my 
those  ingredients  tlian  tlie  blood  of  the  jxtrtal.     In  this  re-  ing  l»>i«- 
Bpect  its  action  seems  moni  particularly  to  be  that  it  converts  other  sug^ 
ais  into  the  particular  form  knowni  as  liver-sugar,  which  it  can  also  pro- 
dace  £rom  the  tmnsfomiing  albuminous  bodies ;  it  forms  fat  from  sugar, 
and  makes  from  certain  other  fats  the  six-cial  one  known  as  livcr-fat.      In 
thii*  duty  of  forming  sugar  and  fat,  it  exhibits  an  inverse  power  of  action ; 
as  the  production  of  the  one  predominates,  that  of  the  other  declines. 
K        Fri>m  the  point  of  view  which  we  liave  now  reached  through  this  do- 
B  acription,  we  are  able  to  see  the  double  duty  which  tills  great  gland  dis^ 
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The  lirer  doM  chflTgcS}  and  mnst  correct,  to  a  certain  extent,  the  popular 
not  torm  \)H^  theory  of  its  action.  Docs  the  liver  really  secreto  bile  T  Is 
it  the  business  of  the  so-called  bil^socretin^  cells  to  withdraw  the  coii5(it- 
uents  of  llmt  liquid  from  the  bIot>d,  aud  combine  tbem  t(>gcther  into  this 
viscid  yellovr  liquid?  I  tlunk  not;  for  it  is  a  matter  of  demonstration  thit 
not  only  every  constituent  of  the  bile,  but  the  bile  itself,  pre-exists  in  the 
blood,  and  it  is  just  as  un philosophical  to  burden  those  cells  with  the 
duty  of  forming  it  aa  it  would  be  to  believe  that  a  like  agency  is  needfiil 
for  the  np|>canu»ce  of  urea  in  the  kidnev.  lilorcovcr,  we  must  constantly 
bear  in  mind  the  extreme  instability  of  this  substance,  how  readily  the 
yellow  bilo  of  camivorouB  animals  becomes  green  by  partial  oxidatioUf 
nnd  the  green  bile  of  the  herhivora  yellow  by  deoxiJation,  It  spontane- 
ously changes  in  its  downward  career,  and  any  ditl'enmccs  in  quality  or 
character  wtiich  we  might  impute  to  the  action  of  tlic  cells  upon  it  miy 
1)0  c(|ually  well  attributed  to  its  own  inherent  principle  of  choDge. 

For  these  reasons,  I  bchevo  that  the  bile  simply  transudes  from  the 
Vannpr  of  blood,  and  that  tlie  cells  uf  the  lobules  liare  no  special  relatioa 
leoioviiigiu  ^Q  j^  beyond  this,  thot  it  oozes  past  their  interstices,  or,  pcrhi^ 
by  physical  imbibition,  finds  access  to  their  interior.  I  sco  no  reoMO 
that  these  cells  sliould  form  it  when  it  pren^xists  in  the  blood,  nor  does 
tlie  state  of  the  afiluent  and  effluent  blood  ofler  any  contradiction  to  this 
conc-luaion.  In  all  discussions  of  the  functions  of  tliis  organ  foundol 
U[x>n  a  comparison  of  the  jwrtal  and  he|>atic  venous  blood,  the  rclatiTc 
f|uanttty  of  water  which  they  contain,  and  its  great  and  even  rapid  flue* 
tuations,  shoidd  always  be  borne  in  mtud.  .Vs  might  be  expected,  portal 
blood  contains  far  more  water,  and,  even  after  abundant  drinking,  the 
amoimt  in  the  hepatic  venous  blood  has  by  no  means  inciefiscd  to  the 
extent  thot  might  have  T>een  expected.  It  is  for  these  reasons  that  the 
bile  varies  so  greatly  at  ditl'erent  periods  in  its  specific  gravity  and 
Buidity. 

The  blood  of  the  portal  vein  is,  moreovej,  periodically  \*ark'ing  in  its 
Varifliion  In  constitution,  according  to  the  state  of  activity  of  tlie  organs 
Ii'o''n~?SoMr.  ^'^™  'whlcli  it  is  being  derived.  In  the  first  stages  ofdigcs- 
ml  Uitoii.  tiou  the  stomach  is  supplying  it  in  unusual  quantities,  and 
with  the  ingredients  whidi  its  veins  liave  been  absorbing  from  the  result 
of  histogcnctic  digestion.  A  little  later,  the  same  thing  occurs  with  the 
intestine.     At  anotlicr  period  the  supply  from  the  spleen  varies. 

The  explanation  which  Mr.  Handlicld  Jones  hss  recently  given  of  the 
Funciionnrtba  functiou  of  the  hejiatic  cells — that  they  manuiuctnre  liver- 
iic]>aUi:  otiia.  sQgar — deser\'C3  attentive  consideration,  more  porticulariy  if 
we  likewise  impute  to  them  the  production  of  liver-fat ;  for  this  would  at- 
tach them  rather  to  the  ramifications  of  the  hepatic  veins  as  a  ]}art  of  their 
instrumental  mechanism,  and  assign  thorn  only  a  voiy  mdirect  relation  to 
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bUc-dncts.  The  contradictory  etatementg  which  havo  iKK-n  made  l>y 
most  emuiCDt  anatomists  rcsijccting  the  councctiou  of  the  bilo-ducta 
mud  the  Kle-ccUa — sooic  believing  that  the  bUe-ducta  are  covered  iiite* 
jiorly  nnth  the  cells ;  othera,  that  the.  ducta  end  on  the  outside  of  the 
lobules ;  others,  tliat  the  passages  reported  to  liavc  been  seen  among  the 
cells  are  interstitial  channels  and  not  proper  vessels — make  it  just  aa 
probable,  anatomically,  that  the  cells  belong  to  the  hepatic  veins  as  (hat 
they  belong  to  tlic  biliar)'  ducts. 

It  is  true  tlmt  there  may  be  n  mixed  action,  and  that  presence  of  bil- 
iary matter  may  be  necessary  to  tlie  sugar  and  fat  producing  agency. 
This  intenvorking  and  mutual  dependency  of  fimctions  is  not  without  a 
jandlel.  Thus  the  lung,  viewed  as  a  secreting  or  excreting  gland,  lias 
tor  its  object  the  removal  of  carbonic  acid  from  the  system ;  but  it  also 
discharges  another  duty,  which  is  dependent  for  its  accomplishment 
Qpon  the  physical  or  chcmicid  qualities  of  tlic  ha?matiii  of  venous  blood, 
the  introduction  of  oxygen  by  aerating  or  arteriidizing.  But  the  excre- 
tion of  carbonic  acid  and  the  introduction  of  oxygen,  though  separate 
pfaysioiogical  cvojits,  and  to  be  sfwkcn  of  as  distinct  functions  of  the 
long,  arc  yet  nevertheless  interconnected ;  the  one  is  essential  for  the  ac- 
complishment of  the  other,  and  the  one  elfect  is  made  the  means  by 
which  the  other  is  brought  about 

So  it  may  be  in  the  liver:  the  contact  of  bile  \7iih  the  secreting  cells 
may  be  essential  to  their  sugar  or  fat  producing  action. 

Tlie  deposit  of  fut  and  the  production  of  bile  seem  to  bo  inversely  as 
each  othoT.  Bidder  and  Schmidt  found  that  fat  animals  KctaUonortbe 
yield  Icsa  bile  than  lean  ones,  and  that  when  they  were  fed  oIJrpio^L'tU.a 
on  iat  the  quantity  was  smaller  than  in  tlie  case  of  animals  ufuiv. 
fed  on  a  less  fatty  diet.  From  such  facts,  the  inference  has  been  drawa 
thml  the  accumulation  of  fat  is  in  consequence  of  a  diminution  of  the  se- 
cxetion  of  bile,  and  not  that  the  diminution  is  the  consequence  of  the  an- 
imal l»eing  fat.  In  such  discussions  it  should,  however,  \k  recollected, 
that  tlie  fats  do  not  furnish  all  the  substnnces  required  for  the  produc- 
tion of  bile,  but  only  a  limited  portion  thereof.  Thus  there  are  reasons 
for  the  belief  that  sugar,  lactic  acid,  or  some  other  allied  body  is  essen- 
tial to  that  process,  and  it  i."*  vf.ry  dejir  that  so  too  arc  the  mAtcriala 
famished  from  the  decay  of  the  cells  of  the  blood. 

AV'iih  respect  to  the  production  of  sugar  in  the  liver,  it  may  bo  re- 
maned, that  the  quantity  of  that  substance  in  the  solid  ros-  p^Ho^j^^  ^f 
idae  of  the  serum  of  hepatic  blood  is  from  ten  to  sixteen  *iiff»r  and  flit 
times  greater  tlian  in  the  same  residue  from  the  port-ol  blood ;  "  '  "*'■ 
and  in  animals  undei^oing  starvation,  though  no  sugar  could  be  found  in 
portal  blood,  it  occurred  to  such  an  extent  in  the  corresponding  he|tatio 
ve&ous  blood,  that  Lehmaim  found  that  its  quantity  could  be  determined 
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hy  fcnnentation.  from  this  there  can  be  no  doubt  that,  in  the  diAngcs 
which  arc  occurruig  during  the  ptutsage  of  the  blood  tlirough  tJic  hvcr, 
there  is  a  [jroduction  of  sugar,  and  this  seems  to  be  connected  with  a  dim- 
inution in  the  quantity  of  fat ;  for  if  an  excess  of  iat  and  a  deficicnnr 
of  sugar  enter  that  organ,  and  their  (luantities  are  inversely  changwl  ai 
their  emergence  from  it,  it  would  appear  that  fat  may  be  decomposed  act- 
ually, as  wc  know  is  possible  hyputhetically,  into  choUc  acid  and  sugai; 

But  with  respect  to  taurine,  tlic  adjunct  of  the  cholic  acid,  since  it  is  a 
Tanrino  cohm  nifrogcnized  body,  we  are  obliged  to  seek  for  it  in  some  olh- 
frcrni  Mood-  cr  soDJcc,  and  this,  it  would  appear  from  tlic  facts  set  {arth^ 
most  be  the  regressive  inctamorj>ho8is  of  the  blood-celk 
Taurine  Ims  not  as  yet  been  detected  in  the  portal  blood.  It  can  not  lie 
supjxjscd  that  the  sulphuric  acid  of  the  portal  blood  is  used  by  deoatidi- 
tion  in  the  preparation  of  free  sulphnr  for  the  taurine,  since,  if  any  thing, 
the  quantity  of  that  acid  in  the  hepatic  venous  blood  is  increased.  From 
whatever  source  it  may  have  been  derived,  the  sulphnr  of  taurine  entered 
the  liver  in  nn  unoxidlzed  state. 

When  we  reflect  that  the  bilo  is  the  product  of  decay,  that  it  pr^^- 
ists  in  the  blood,  that  on  its  arrival  in  the  intestine  a  part  of  it  is  cut 
out  with  the  fa-cal  matter,  it  seems  very  ujilikel}'  that  an  immense  cell 
apparatus,  constitutiug  the  largest  gland  in  the  whole  system,  should  te 
Aii»logi«ln  necessary  for  its  removal.  But  when  we  moreover  rcflwt 
SuSnBMsmr^  that  ui  thc  uicchanism  of  plants,  from  gum,  or  rather  (xm 
ud  fitL  carbonic  acid  and  water,  under  the  agency  of  cells  in  ibe 

leaves  or  other  structures,  both  sugar  and  oik  are  formed,  we  recognitt 
that  there  is  a  connection  between  those  organisms  and  these  products. 

M,  Bernard's  experiments  seem  to  show  tliat  tlic  flugar-forming  fitoc- 
inflnenec  of  tion  of  thc  Uvcr  may  be  morbidly  increased  by  wounding  tk 
th«  pneutno-  tnedulla  oblongata  near  thc  ongin  of  the  pneumogastric  nerve, 
on  thi!  quanii-  or  by  tfic  application  of  galvanism  to  the  same  part,  an  arti- 
t>©f»iigor.  t'lc'ml  diabetes  ensuing,  and  this  within  a  few  minutes  after 
the  operation,  but  it  usually  ceases  after  two  or  throe  days.  It  is  accom- 
panied by  a  great  derangement  of  respiration,  a  lowering  of  the  tempera- 
ture, and  a  venous  condition  of  thc  arterial  blood.  It  by  no  me-ans  fol- 
lows, however,  that  tlic  excess  of  sugar  obsen'ed  in  Benmrd's  experi- 
ments arises  from  an  increased  action  of  thc  liver,  or  an  increased  energy 
of  the  sympathetic  nerve :  it  may  be,  as  Kcynoso  asserts,  attributable  to 
llie  injury  inflicted  on  the  pneumogastric,  and  diminished  rcspiratioa 
Tiio  administration  of  etlicr  and  chloroform, 'the  conditions  of  old  age  and 
foetal  life,  the  influence  of  many  diseases,  as  chronic  bronchitis,  asthzna, 
pleurisy,  all  present  a  tendency  to  the  accumulation  of  sugar  in  thc  urine, 
tlio  sources  in  each  of  these  cases  being  attributable  to  i-cspiratory  dis- 
turbance ;  for  if  any  thing  occurs  to  retard  or  delay  the  destruction  hy 
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oxidation  of  llic  sugar,  constantly  lormeJ  by  the  Uvor,  the  accumulation 
will  make  its  npiwnmnce  in  the  urine.  The  ap|)caraucc  of  flaccharinc 
matter  in  that  secretion  may  l>c  ecjiialiy  well  attributed  to  its  non-tlc- 
stnietion  in  the  system  generally  as  to  its  ovcr-produetion  by  tlic  liver. 

This  gland,  l>C5ides  producing  sugar  and  fat,  is  llic  scat  in  which  the 
worn-out  blood-cclla  are  finally  disintegrated,  and  probably  n  .  ,-  * 
the  Toong  ones  pushed  forward  tlirougli  a  certain  stage  of  )ilwM^ct-iu  ia 
their  dcvehipmont ;  ailvantagc,  moreover,  being  incidentally  *  ""' 
taken  of  the  secreted  bile,  which  |w>sscssea  projiertlcs  u-wful  thongli  not 
ttsential  for  promoting  the  digestion  and  absorption  of  fatty  material, 
perha|)s,  also,  of  ini]}arting  a  dclinitc  course  to  the  transmutation  of  the 
icmi-digcste<l  material  in  the  intestine,  and  this  both  as  regards  nitro- 
genized,  amylaceous,  and  fatty  bodies.  Of  tlio  influence  of  the  bile  in 
promoting  the  absorjition  of  fat,  llm  ])hy8iial  cxperinifnts  which  have 
been  alluded  to  leave  no  doubt;  but  that  llieso  nses  arc  of  a  secondary 
or  Don-esscntial  kind,  and  arc  only  taken  advantage  of  in  an  indirectly  eco- 
nomical way,  is  established  Ijeyond  all  possibility  of  a  doubt  by  the  fnct 
that  animals  can  Uvc  for  a  long  time,  even  for  months,  witliout  the  pas* 
»ge  of  bile  into  the  intestine,  provision  having  been  made  for  its  escape 
externally  through  an  artificial  iistulaus  orifice. 

These  conclusions  respecting  the  functions  of  tlie  liver  are  in  harmony 
with  the  appearances  presented  by  the  blood  leaving  and  entering  it: 
the  predominance  of  colorless  blood-cells,  and  of  young  cells  well  ad- 
Tmnocd  towanl  |)erfection  in  the  former,  and  of  wasted,  worn-out  ones  in 
the  hitter;  with  the  fact  that  tlic  maximum  secretion  of  bile  docs  not 
lake  place  until  more  than  hnlf  a  day  after  the  ingestion  of  food ;  and 
that  during  fictal  Htc,  in  which  tlierc  is  no  food,  cither  in  the  stomach  or 
intestine,  to  be  digested,  the  liver  is  nevertheless  in  high  activitTr-,  and 
Lite  is  secreted. 

In  view  of  all  the  preceding  facts,  we  may  therefore  finally  conclude 
llut  there  are  at  least  four  distinct  operations  conducted  in  the  Uvcr;  1. 
The  {iroduction  of  sugar  and  fat ;  2.  The  separation  of  the  bile ;  3.  The 
dcstmction  of  old  blood-cells  ;  4.  The  completion  or  perfection  of  young 
blood-cells,  jxirhaps  by  receiving  their  iron,  "With  respect  to  tlicse  it 
maj'  be  remarked. 

First.  The  formation  of  sugar  and  fat,  cither  from  carbohydrates,  or 
vhat,  in  this  instance,  is  more  probable,  from  albumenoid  bod-  CpnenU  nam- 
ic8  bronght  by  the  portal  vein,  can  no  longer  be  doubted.  J^*i/rft2*'iiJl 
The  prevalence  of  liver-sugar  and  livcr-tat  in  all  that  region  er. 
of  the  Tenons  circulation  included  between  the  liver  and  the  lungs  must 
be  attributed  to  this  source  That  the  sugar  undergoes  rapid  metamor- 
Itosis  in  the  pulmonary  organs  is  plainly  proved  by  the  effects  of  inri- 
tation  of  the  pncumogastrics,  whidi.  interfering  with  the  f\inction  of  rcs- 
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piralion,  pormit  this  eubatAnce  to  reach  the  aortic  circul&tlon^  from  which 
it  is  removed  by  the  kiiincjs,  a  diabetes  aiising.  So  lar  as  the  prepftn- 
tion  and  course  of  this  sugar  is  concerned,  the  liver  is  a  ductless  glto^ 
and,  with  Sir,  H&ndticl  J  Jones,  I  believe  that  the  cells  of  the  liver  are  the 
agents  wliich  accomplish  this  duty.  The  production  of  fat  appears  to  be 
inversely  as  that  of  sugar.  In  the  crustacean  bile-sac*  J^ig.  82,  we  see 
the  gradual  stages  of  it^  appearance;  and  the  production  of  both  bodies 
is  well  illustrated  in  the  life  of  plants. 

Second.  The  bile  is  separated  from  the  blood  portion  of  the  portal 
blood,  and  not  iroin  the  products  of  digestiou  obtained  fiom  (he  ctiylO' 
poictic  viscera.  The  elements  of  bile  1  believe  to  pre-exist  in  the  blood, 
and  to  escape  from  the  portal  veinlets  to  the  biliary  ducts  by  mere  filtra- 
tion or  strainagc.  The  precise  source  from  which  the  bile  is  derirai 
is  probably  the  blood-cells,  and  In  the  cliangea  wliich  they  are  undo- 
going  iho  spleen  is  [jcrlmps  conceiiicd.  If  this  be  so,  the  bile-^uctit 
as  much  a  duct  for  the  spleen  as  it  is  for  the  liver  itseK  The  bile  nur 
almost  be  looked  ujwn  as  a  hydrocarbon,  containing  a  very  chaogcahle 
and  therefore  noxious  coloring  material,  whiclt,  when  the  secretion  readh 
es  the  intestine,  is  parted  from  it  and  dismissed  with  the  fccces,  tJie  pn^ 
er  hydrocarbon  being  taken  up  by  the  absorbing  arrangement  for  bydio- 
carbons,  the  lacteals,  and  so  sent  through  the  thoracic  duct,  Pethipe, 
also,  by  reason  of  its  special  adaptedness  for  that  purpose,  it  aids  in  tbe 
absorption  of  other  futs. 

At  this  point  it  may  bo  remarked  that  the  view  hero  presented  of  the 
sugar-forming  and  bilo-s training  functions  of  llie  liver  appears  to  be 
greatly  strengthened  by  the  anatomical  conslruction  of  tliat  organ. 
There  is  no  ob^-ious  communication  between  the  portal  and  bcjmtic  vein- 
lets  save  through  cells,  but  the  portal  veins  and  tho  bUo-dncls  run  if. 
their  ramifications  side  by  side. 

Third.  Whatever  part  of  the  disintegration  of  old  blood-^sella  takes 
place  in  the  spleen,  their  final  destruction  is  doubtless  accomplished  in 
the  liver,  this  being  the  immediate  source  from  which  the  bile  itself  ifi 
derived.  Though  these  metamorphoses  are,  to  a  greater  or  less  extent, 
occurring  throughout  the  circulation,  it  is  in  these  two  great  glands  thai 
an  opi>ortunity  is  afforded  for  the  destruction  to  reach  its  completion,  and 
the  resulting  product  of  waste  to  be  removed ;  nor  is  there  any  thing  in 
this  view  at  all  contradictory  to  titc  opinion  I  have  enforced,  that  all  the 
constituents  of  the  bile  may  lie  fninid  in  the  genend  cirenlatinn. 

Fourth.  Tlie  liver  also  aids  in  the  preparation  or  maltiration  of  young 
blood-cells  in  an  indirect  way.  There  are  certain  of  the  mineral  constit- 
uents of  the  disintegrated  cells  too  valuable  to  be  cast  away,  since  (hey 
can  subserve  the  duty  of  entering  into  tho  composition  of  young  cella 
passing  to\^*ard  perfection.     As  such  a  substance  may  be  mentioned  iron. 
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liis  view  of  the  action  of  the  liver  appears  fiUo  to  l;e  sustained  by  the 
up*  number  of  star-liko.  and  comigatcd  blood-cells  occurring  in  the 
ortaJ  blood  of  fasting  animals,  and  which  are  replaced  by  such  as  appear 
>  bo  jronng  and  perfect  in  the  blood  of  the  hepatic  veins.  It  is  not, 
owever,  to  be  supposed  tlint  ail  the  iron  is  economized  in  this  manner : 
considerable  portion  of  it  accompanies  the  pigment  as  an  essential  in- 
^ient,  and  ia  finally  discharged  through  the  intestine. 

OP  TlIK  DUCTLE!-;s  GL.\XDS. 
The  salivary  and  sudoriparous  glands  discharge  their  secretion  directly 
irough  ducts.  The  liver  and  kidneys  have  upon  their  ducts  tii.- <ii.etie«i 
n  additional  mechanism,  the  gall  bladder  in  the  one  case,  and  gi*""ij'- 
kc  nrinary  in  the  other,  which  serve  as  receptacles  for  storing  up  the 
iroddct  of  action  in  a  temporary  manner,  and  so  converting  the  continu- 
kLscficct  of  the  gland  into  a  periodical  result.  In  each  of  these  instances 
re  may  arrive  at  conclusions  of  a  certain  degree  of  exactness  respecting 
»e  functions  and  use  of  the  gland  from  a  study  of  the  secretion  it  yields  ; 
bt  there  are  in  the  system  other  glandular  organs  which  differ  essen- 
ttUy  from  all  the  preceding  in  not  being  furnished  Avith  ducts.  These 
re  the  spleen,  the  thymus  and  thvroid  glands,  and  the  supra-renal  cap- 

Much  diversity  of  opinion  prevails  respecting  the  true  nature  and  ac- 
ton of  these  bodies.  From  their  structure  bearing  a  resem-  Ti,ar  Buppowd 
lUnce  to  tliat  of  the  preceding,  with  the  exception  of  the  ab-  fun»;Uon». 
Bnce  of  a  duct,  many  have  thought  that,  like  them,  ihoy  are  really  sccret- 
lig  organs.  Others  have  supposed  that  they  have  a  relation  to  the  nu- 
Htion  of  the  system,  in  giving  origin  to  the  development  of  cells,  or  that 
ley  HTC  connected  with  the  organization  of  tlic  blood  itself;  and  that 
Bch  is  their  duty  is  jwrhapa  rendered  probable  by  the  circumstance  that 
wne  of  them,  as  the  thymus  and  thjroid,  exhibit  their  utmost  develop- 
lent  when  the  body  is  rapidly  growing,  and  diminish  when  maturity  is 
Acfaed,  That  they  enjoy  a  community  of  action,  or  that  their  function 
ricariouply  discharged  by  other  organs,  has  been  clearly  cstab- 
by  the  result  of  opci-ations  in  which  one  or  other  of  them  has  been 

tirpated. 

With  respect  to  the  q>lccn,  the  views  of  Professor  KoUikcr  are  sup- 
lortcd  by  many  facts.  He  snpiwscs  that  one  of  the  chief  tunc-  Function  of 
ions  of  that  gland  is  the  dissolution  of  the  disorganizing  blood-  ****  ■?!««»• 
bUs  preparatory  to  the  action  of  the  liver,  in  which  ha*matin  is  to  be 
MTerlcd  into  the  coloring  matter  of  the  bile.  In  the  discussion  entered 
Mo  respecting  the  origin  of  the  bile,  we  have  come  to  the  conclusion 
mt  it  is  derived  from  the  systemic  venous  blood,  and  in  the  supposition 
piesented  respecting  the  function  of  the  spleen  there  is  nothing  con- 
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tradictory,  for  it  is  to  be  remembered  that  the  blood  of  the  spleen  ia 
constittient  of  the  portal  circulation.  It  also  appears  to  be  a  gencnl 
opinion  that  the  Bplecn  likewise  maintains  ft  mechanical  relation  to  tkt 
portal  mechanism  by  een-ing  as  a  receptacle  for  any  excess  of  bW, 
and  thus  relieving  the  ve^^sels  of  pressure,  or  by  acting  in  like  maiiw-i 
when  there  is  any  obstruction  to  the  passage  of  blood  through  the  livci. 

As  our  knowledge  of  tlic  action  of  the  ordinary  glands  becomes  won 
AndogTorihc  accurate,  the  function  of  the  ductless  glands  loses  much  of 
JiSh'iSlTdlwt-  ^*^  peculiarity.  As  we  have  already  stated,  in  a  certaia 
less.  sense  the  liver  itself  may  be  said  1o  be  a  ductless  gland,  (or 

it  appears  to  bo  one  of  the  constant  duties  of  that  organ  to  prqiare  sog^ 
from  materials  in  which  it  did  not  prc-^xist.  And  thin  sugar  does  not 
escape  through  the  hepatic  ducts  in  company  with  the  bile,  but  is  taken 
directly  into  the  system  Ihrougli  the  hepatic  veins.  But  this  principle 
of  action  is  identically  wliat  occurs  in  the  case  of  every  ductless  glaai 
and  hence  it  may  be  inferred  that  the  changes  which  these  impress  ontho 
blootl  arc  necessary  for  the  development  and  nutrition  of  the  system.  If 
the  doctrine  of  KoUiker  be  correct,  the  spleen  is  only  an  apiKindbc  to  tk 
liver,  and  the  same  duct  answers  as  a  common  outlet  for  both. 

The  views  here  alluded  to  are  enforced  by  the  examinations  which 
KBtnw  of  Iiavc  been  made  of  the  blood  of  the  splenic  vein.  The  fol- 
»pi«iac  lOood.  lowing  table  exhibits  the  contrast  between  it,  that  of  the  e:i- 
tcrnal  jugular,  and  that  of  the  mammary  artery. 

CoiutU*a!oH  ofS/ifetic  lilood.     (From  Srffrer.) 
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From  which  it  appears  that  the  blood,  after  circulating  throagli  the 
spleen,  has  lost  a  large  portion  of  its  cells,  the  relative  quantity  of  its 
albumen  is  greatly  increasetl,  and,  moreover,  from  being  llie  basic  albu- 
minate of  soda,  the  foitn  under  which  it  ordinarily  occurs  in  the  blood, 
it  has  become  the  neutral  albuminate,  as  in  proved  by  a  turbid  aiipear- 
ancc  on  the  addition  of  water,  and  this  state  it  seems  to  retain  daring 
the  portal  circulation,  for  the  blood  of  the  hepatic  veins  exhibits  tlie  same 
peculiarity. 
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THE   raiXt:,  HILK,  XSU  CCTAXEOCS  EXCSEnOSI. 

Stentiom  mid  Eitraiou. 

Qftim  ISdn^:  its  StmctKn  and  Funeiioan. —  J%f  Ma/pifjlii/in  Oroiffititm. —  T^c  Vriite:  U*  In- 

frwAntta,  t^tir  X'isriatvm*  ami  S<mrcrM. — AhnortmU  Stdnitaitce*  in  it.—  Tfi*  WtUer  faid  Anlla 

cxadk  hj  fShration. —  7%^  CV/2*  remove  nhoiidised  Sodia, — .l/dirner  nf  Remorvii  of  the  Litptid 

/mm  (At  ArafpwfMian  Sac 
QT  lAe  Mammary  CSbmd:  %»•  Strneturt.^Chlottnan  atul  ATiU-.—InfftwHrutM  q/"  Jt/tflr  ourf  thrir 

FWiafamu.— /i»/htfiKis  oflMet. —  ftiffuirginlo  thf  Origin  of  the  jHt/rftUatUi  r>/  the.  Miff:,  iUKat^ 

Ouni,  iSii/u,  Smyar, — Manner  q/"  Anion  of'tlx  (i&inJ  by  Straiita;/t, 
Q^  dU  Stin. — Smtrturf  nf  its  Epidermo  ttntl  Derma. — SwforipamvM  anj  ,Sff>ar»^tut  Olmttin. — 

ftaiia.—Umr.—Jn^tdient*  of  I'^ritinratim.-^Kxhaiation:  ilM  Anujftt.—C^nmtii  of  1^  I'ari- 

^Ut  Anitm  cf  iht  Skin. — lit  DouliJe  Action. — Af>»orfttio»  hjf  lAe  Stim. — Grneral Simanonf  of 

fiW  OlbUMMU  /Mfirf ioflJ. 

The  function  of  secretion  is  very  commonly  treated  of  by  physiolo- 
gists under  two  divisiona,  secretion  and  excretion.  The  £>i,,iop^o„  j,^ 
former  refers  to  the  separation  from  the  blood  of  those  fluids  iwcemecrBiioii 
which  are  rwinired  for  the  uses  of  the  body,  and  wliich  are  ""' 

thfrrcforc  still  retained ;  the  latter,  to  those  which  ore  effete,  and  to  bo 
cast  out  aa  cxcrcmcntitioos  matter.  Of  secretions,  the  saliva  or  the  pnn- 
creatic  juice  m&y  be  taken  as  examples;  of  excretions,  the  urine. 

But  this  subdivirtion  is  only  one  of  convenience,  and  has  no  natural 
foundation.  The  so-called  secretions  arc,  in  many  instances,  far  from 
being  more  highly  elaborated  bodies;  lu  reality,  they  arc  often  on  their 
descending  career.  And  among  excretions,  if  milk  be  enumerated,  as  it 
oogrht  to  be,  since  it  is  a  dismissed  product  of  the  system  prcimring  it, 
we  have,  instead  of  an  cxcrcnicntitious,  a  pre-eminently  nutritive  body. 

Nevertheless,  since  this  manner  of  considering  the  subject  offers  con- 
siderable conveniences,  I  have  resorted  to  it  for  the  preceding  and  pres- 
ent chapters.  In  thw  I  shall  accordingly  treat  of  the  urine,  the  milk, 
and  tlie  products  removed  by  the  skin. 

■  OF  THE  KIDNEYS. 

I  Tl»e  products  of  waste  arising  from  oxidation  in  the  functional  acti%-ity 
^uf  the  system,  and  wliicli  are  of  a  non-gaseous  kind,  the  use-  p^  ^j^,  ^^^ 
^mmtB  materials,  saline  or  othcm'ise,  which  have  been  absorb-  lion  uruiekid. 

■  ed  in  the  digestive  tract,  and  carried  into  the  circulation,  *"'^" 

must  be  removed.  Gaseous  substances  and  vapors  may  pass  away 
through  the  lungs,  but  soUd  material  must  be  excreted  in  a  state  ot  so- 
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lution  in  water.     To  accouipUsli  this  object,  a  spedal  mechanism,  lite 
kidney,  is  introduced. 

From  this  nianner  of  considering  the  fanctional  duty  of  the  kidney,  it 
Is  very  clear  that  a  epe<ual  relation  mast  exist  between  tiii^  excreting  vr- 
gan  and  the  respiratory  mechanism,  for  iu  tho  case  of  ammaU  vhicli 
breathe  by  giUa,  or  in,  those  which,  thougli  subscqaently  atroosj^iinc 
breathers,  receive  their  supply  of  aerated  blood  before  birth  by  n  jUaucntx 
the  couditions  under  wliicli  aeration  takes  place  are  Buch  as  i>ermil  llic 
removal  of  solid  material  by  the  respiratory  mccUanism.  The  oriitH^' 
excreting  ap[mratua  of  an  animal  breathing  air  \s  therefore  ncccssaclr 
buidencd  with  an  cxclosive  duty,  which  ia  shared  by  the  gills  and  tia 
skin  in  a  water-breather. 

In  iishea,  the  renal  apparatus  i^  constmctcd  under  ihe  condition  here 
_,  ^^.  J    indicated,  and  though  in  many  it  appears  to  be  greatly  de- 

Lirdi.  fi»k»,  vejopcd,  extending  aa  a  tubular  arrangement  from  the  akoll 
**  "'*^  through  the  abdominal  cavity,  it  is  to  be  regarded  as  analo- 
gous to  the  Wollfian  bodies  rather  tlian  to  the  true  kidney.  In  reptilea 
the  proper  kidneys  apjwar;  in  birds  tliey  arc  well  developed,  but  their 
secretion  is,  for  the  most  part,  a  semi-solid  substance,  chicHy  urate  of 
ammonia.  The  tubular  form  is  presented  in  both  insects  and  araehm- 
dans,  discharging  its  secretion  into  a  cloaca. 

Iu  man  the  kidneys  may  be  described  as  a  pair  of  dark-red  oroidbod- 
Tlin  kiauc^  in  1*^3,  placed  one  on  each  side  of  the  vertebral  column,  in  the 
■"">•  lumbar  region,  the  right  kidney  being  a  little  lower  than  the 

left.  In  the  adult  tho  kidney  is  four  or  five  inches  in  length,  and  is  en- 
veloped in  a  mass  of  fat.  IJlood  is  brought  from  the  aorta  to  supply  the 
organ  by  the  renal  or  cmulgcnt  artery,  and  is  carried  back  by  the  craul- 
gent  vein  into  the  inferior  vena  cava.  During  its  passage  through  the 
kidney  tliere  is  removed  from  the  blood  a  liquid  secretion,  the  urine, 
which,  Howing  down  a  long  channel,  the  ureter,  is  emptied  into  the  blad- 
der, from  which  it  may  be  periodically  removed. 

The  supra-roiial  capsules  are  bodies  of  a  yellow-red  color  placed  above 
Sopra-nn&l  the  kidneys.  They  are  madi  larger  in  the  fcetus  than  in  the 
capsnlM.  adult,  and  doubtless  have  a  reference  to  the  peculiar  conditions 
of  respiration  obtaining  at  that  time,  for,  as  wo  liavo  just  observed,  the 
renal  and  respiratory  uicchanisros  are  necessarily  interconnected. 

The  substance  of  the  kidney  is  described  as  consisting  of  two  per- 
Minute  rtrac  ^*°"®»  *^*®  cortical  and  the  medullary  or  tabular,  as  seen  in 
turo  aniioktd-  J^j'ff.  88,  in  which  1  is  the  supra-renal  capsule ;  2,  the  vascu- 
°'^'  lar  portion  of  tlie  kidney;  3,  3,  tubular  portion  grouped  into 

cones ;  4,  4,  papilUe  projecting  into  ealiccs ;  6,  5,  5,  tho  three  infiindi- 
bula;  G,  the  pelvis;  7,  the  ureter.  (Wilson.)  From  which  it  appear* 
that  the  cortical  substance  is  the  external  portion,  and  tho  tubular  is 
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'  *^  grouped  into  cones,  the  base  of  each  cone  teing 

oatward,  and  the  point  toward  the  pelvis  of  the 
kidney.     The  cortical  substance,  however,  envel- 
ops the  coneii  nearly  to  their  points.     It  ia  of  a 
red  color,  and  is  the  seat  of  the  secreting  action. 
The  urine,  as  it  arises,  passes  along  the  fine  con- 
vergent vessels,  the  uriniferous  tubes,  and  these, 
coalescing  as  they  approach  the  points  of  tlie  cones, 
give  origin  to  what  are  termed  the  ducts  of  Bellini, 
From  these  the  secretion  posses  into  the  calicos, 
tlience  into  the  pelvis,  and  so  along  tho  xirctcr  into 
tlic  bladder.     In  tlic  cortical  substance  there  arc 
large  numbers  of  dark  points,  the  llalpighian  bod- 
ies.    Their  diameter  is  about  jj^  of  an  inch, 
r.  Bowman  has  demonstrated  that  the  minute  structure  of  the  cortical 
portion  is  as  follows :  The  urinifcrous  tubes,  as  they  approach  it,  under- 
go bifurcation  in  such  a  way  tliat  the  branches  continually  arising  have, 
for  tJio  most  p:u-t,  a  diameter  of  about  -^^  of  an  inch.     As  ihcy  enter  it 
■   they  are  contorted,  and  at  their  ends  present  small  capaulca  or  fiask- 
shaped  sacs.      Each  of  the  capsules  is  entered  by  a  twig  of   .  -^ 

ibc  renal  arterj-,  which  at  once  divides  into  loop-like  branch-  Mjiljptfc'hi«ii 
ca  oonstituttng  a  tuft,  and  which  delivers  the  Wood  to  a  *"?««««• 
Tcin  originating  in  the  interior  of  each  tuft.  These  structures  are  known 
as  the  Malpighian  corpuscles.  The  vein  and  artery  pass  out  of  the  cor- 
puscles usually  at  the  same  point ;  the  vein,  however,  instead  of  deliv- 
ering its  blood  at  onoe  to  the  renjd  vein,  forms  a  plexus  on  the  sides  of 
a  urinifcrona  tube,  in  this  simulating  liic  mechanism  of  the  portal  vein, 
whicli  begins  in  a  capillar}*  system  and  ends  in  one.  It  is  supposed  that 
the  exudation  of  the  water  of  the  unne  takes  place  in  the  Malpighian 
body,  and  the  secretion  of  the  solid  portions  from  the  cells  whicli  cover 
the  urinifcrous  tubes. 

The  chief  feature  of  this  structure  is,  therefore,  that  in  a  sac  formed 
upon  a  urinifcrous  tube,  a  tui't  of  capillaries,  tho  walls  of  which  are  of  ex- 
treme tenuity,  permits  water  to  escape  from  the  blood  supplied  by  the 
eanulgcnt  artery.  The  blood,  thus  concentrated  by  loss  of  its  water, 
passes  into  the  vcinlets  which  originate  in  tho  interior  of  the  tuft ;  those, 
converging  into  a  little  trunk,  less  in  diameter  than  tlic  twig  rircuiMjoo  of 
of  the  emulgent  artery,  escape  along  with  that  vessel  trom  itirUoodintba 
the  capsule ;  but,  instead  of  discharging  its  contents  info  the  '"^^' 
Tcnal  vein,  it  ranuHes  in  a  plexus  on  the  walla  of  a  urinifcrous  tube,  thus 
affording  a  miniatore  representation  of  the  portal  vein,  beginning  in  a 
capillary  system  and  ending  in  one.  From  the  plexus  the  commencing 
of  the  renal  veins  arise. 
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Some  anatomista  suppose  that  the  Malpighian  capsule  is  not,  in  ToIitT, 
Fig.  a.  a  6ask-Iike  exjuuision  of  the  nrinifieroufl  tu\f. 

but  tlmt  the  tube,  dilating,  fo)t!ft  over  ihcUood 
cnpillarics,  and  so  receives  them.  HoireTci 
that  may  be,  they  form  a  loose  ball  in  its  in- 
terior, fastened  to  it  only  by  the  arterial  twigi 
and  its  corre-tponding  and  juxtaposed  vtJiu 

The  foregoing  description  is  illostr:! 
the  anncsed  figures,  JTiff,  69  being  ball  iIia- 
gramiuatic,  from  KoIliJter.  1,  a  Malpigliia 
capsule,  A,  with  the  tubulus  uniuieru.%  II,  C, 
Pl>ringing  from  it ;  a,  membrane  of  Malpigbiaa 
body,  continuous  at  6  with  the  niembrana  pro- 
pria of  convoluted  tubule;  c,  epithclirun  of 
2^IaI]nghiau  corpuscle ;  d^  thai  of  tabule ;  ^ 
detached  epithelium;  f\  vas  aflcrens;  ^, t» 
ctfcrcns;  A,  glomerulus  Malpighianus:  2,  tbns 
epitiielial  cells  from  convoluted  tubule,  xna^ 
ficd  350  diameters — one  with  oU  Unops. 
jPi^.  90,  Glomerulus,  or  tuft  of  blood-vessels  from  the  innermost  part 
^•*  of  the  cortex  of  the  kidney  of  tlte  liorse:  ^ 

artcria  intcrlobularis ;  af,  vos  affcrens ;  m  flii 
glomeiidus ;  ef\  vas  cScrcns ;  6^  divisions  of 
artcriola  recta  in  the  medullary  substance. 

J'^ff.  Ul  shows  the  ciliated  epitlielium  of  the 
uriniferons  tube  in  the  frog:  t£,  cavity  of  the 
urinifcrous  tube ;  b,  its  cpitlieliam  ;  I/,  ciliated 
portion  thereof;  i",  de- 
tached ciliated  epithelial 
cell;  c,  basement  mem- 
brane of  the  tul»e;  c*, 
that  of  the  capsule;  m, 
capillaries  of  the  tnft; 
f,  adjacent  urinifcrous 
tube. 

Jlr.  Bowman's  expla- 
nation of  tJie  Malpighi- 
an circulation  is  repre- 
sented in  J^iff.  92.  a, 
branch  of  renal  artery ; 
af^  flflerent  vessels ;  m, 
in,  Malpighian  tut>s ;  e/\ 
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their  plexus  upon  the  uriiiifcrous  tu1>c ;  st^  straight 
tube;  <*^  convoluted  lube 

I  am  indebted  to  Dr.  Isaacs  for  the  follomg  in- 
Btructive  tigurca  nnd descriptions  from  Iiis  paper  read 
before  the  Academy  of  Kcdicine.  His  method  of 
examination  of  the  iv*w- 

minute  mechanism 
of  the  kidney,  by 
rendering  small  por- 
tions of  it  transpa- 
rent, greatly  facili- 
tatea  these  rescardi- 

iB  of  MklplgbUn  cirea<  -*-.      r  *    • 

uuoo.  68.     l>r.  Isaacs  s  m- 

gations  are  entirely  ronfirmatory  of 
Bowman's  views,  so  far  an  BJnicture 
noenied.  J'^if/.  93  is  a  view  obtained 
eitating  scrapings  of  the  kidney  of  a  juipighiwi  mn  w«h  nrinifrmqi  luiie.^aj. 


ff^^^ 


Ituptuml  JCdplebUn  cull  vf  Um  doer.  m4gniacil  SO  dUnctcn. 


^'4 


^».%uo- 


n**l  Mill  c  1  call,  taacvUted  SQ  d'.KmclcrK 


sheep  (which  had  pre- 
viously l>ccn  injected 
with  chrome  yellow 
and  sulphuric  ether)  ia 
a  test-tube  with  water. 
The  portion  on  the  left 
shows  the  tul't  alone, 
that  on  t}ie  right  its 
rcci'ption  in  the  urinif- 
crous  capsule. 

/Vy.  94  shows  the 
arter)*,  filled  with  in- 
jection, and  the  3Ial- 
pighian  coil  or  tnft  rup- 
tured in  the  capsule. 
The  injected  material 
lies  in  broken  portions. 
Fragments  of  the  in- 
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jecte<l  Tf'sselfl  of  the  coil  are  seen  pas^ng  dovm  the  tiibo.     From  tLc 
kidney  of  llie  deer. 

A  diiTcrcncc  of  opinion  prevails  among  anatomists  as  to  the  cxlstoncr 
of  nucleated  ccUd  upon  the  Malpighian  tuft  or  coil  in  the  case  of  tlic  biglier 
animals.  This  question  is  finally  settled  by  l>r.  Isxuics  in  the  following 
manner.  An  ethereal  or  ^atcrr-colorcd  solution  is  injected  into  tiie  oxe- 
tcr,  80  as  to  distend  the  tubes,  burst,  and  throw  off  iho  capsule  The 
cells  can  tltcn  be  seen  upon  the  naked  tuft  or  coil.  jFi^,  95  shows  the 
Halpigliian  body  and  uriniferous  tube  of  the  kidney  of  the  black  beu. 
The  artery  had  been  first  partially  filled  witli  injection,  which  h»d  brokea 
the  coil  in  pieces.  The  uijection  from  the  ureter  ruptured  tho  capsule, 
which  is  seen  in  shreds.  Nucleated  cells  are  seen  on  the  naked  coil  or  tdt 
In  the  nppcr  port  of  tlie  figure,  to  the  left,  is  a  broken  luft,  on  the  right  of 
which  tho  ruptured  ca|>sulc  is  perceived^  and  nuelcAtcd  cells  upon  tke 
nnooTored  tufL  In  the  up|)or  ]Mrt  of  the  figure,  to  the  right,  ate  tbc 
iragmcnts  of  a  Malpighian  tuft,  with  nucleated  cells  adhering  to  it.  The 
capsule  had  been  torn  off  with  a  fine  needle.  All  the  above  drawings 
were  made  under  the  niicroseope. 

The  urine  of  man  is  a  clear,  amber^ycUow  liquid,  tho  average  specific 
The  urine  ii4  g"*^*?  ^f  which  may  bo  taken  at  1.020,  ^ving  an  acid  n> 
I>ro|KniQ«anil  action  wlien  first  voided,  but  gradually  becoming  alkaline 
qiiAiiiii,T.  ^^j  turbid.  Its  composition  varies  greatly  with  preceding 
states  of  tho  system,  and  the  nature  and  quantity  of  the  food.  It 
amounts,  in  tlio  course  of  a  day,  to  from  20  to  .OO  ounces ;  this,  ho^vever, 
depending  on  the  quantity  of  water  that  has  been  token,  and  on  the  ac- 
tivity of  tho  skin.  Its  solid  ingredienls  vary  from  20  to  70  parts  in  1000 
of  tiie  urine,  the  leading  suhstaucea  being  urco,  uric  acid,  lactic  acid,  vc»- 
icnl  mucns,  epithelial  debris,  extractive,  and  salts. 

The  urine  of  carnivorous  differs  fi^ra  that  of  herbivorous  animals 
latter  being  turbid,  and  having  an  alkaline  reaction;  that  of  tiie  fo 
transparent,  pale  yellow,  and  acid. 

From  Winter's  cxix^riincnts,  it  appears  that  for  every  thousand  patiS 
of  his  weight  a  man  discharges  25.9  parts  of  urine  per  diem,  the  nuu- 
imum  being  46.8,  the  minimum  14.0.  A  child,  reduced  to  the  same 
standard,  discharges  47.4  parts;  but  a  cat,  fed  on  a  flesh  diet,  91.036. 
The  quantity  of  water  thus  removed  depends,  to  a  very  greut  extent,  on 
the  existing  conditions  of  the  system ;  sometimes  it  is  far  less  than  would 
answer  to  the  amount  that  has  been  taken ;  sometimes,  on  the  contrary, 
more.     The  solid  material  likewise  exhibits  vciy  great  fluctuations. 

Viewed  as  a  group,  the  constituents  of  the  orino  ai-c  evidently  the  ox- 
Orijrfn  nt  ihe  ^'^^^^'^  rcsiducs  of  the  system,  which,  unable,  from  their  not 
possessing  the  vaporous  or  gaseous  form,  to  escape  through 
the  lungs,  ore,  from  their  solubility  in  water,  readily  lemoved 
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Ube  kidneys.  The  urea  and  uric  acid  arc  derived  from  muscular  do 
perhaps,  of  tlie  two,  tlie  uric  acid  first  arises,  and  is  subsequently 
I  con^-crted  into  urea ;  this  i3  not,  however,  its  exclusive  source,  since  tlic 
qoBxitit^'  of  urea  increases  by  the  use  of  lu^jhly  nitrogenized  food.  The 
mucu^  and  epithelial  dcbria  are  derived  from  the  mucous  membrane  lin- 
ing the  interior  of  the  urinary  upparatus.  Of  tlic  salts,  there  are  two  of 
unusual  interest,  the  sulphates  and  phosphates,  each  having,  like  tlio 

IUTVA,  a  double  origin,  tlic  food  and  tissue  decay.  Leaving  out  of  consid- 
eration tiiat  part  wliich  has  been  supplied  by  the  food,  wc  recognize  in 
tlie  sulphates  the  final  disposal  of  that  Bulphur  which  was  once  socrclcd 
by  the  li\'er,  and  subsequently  reabsorbed.  In  the  phosphates  we  recog- 
L  nizc  the  oxidation  of  the  free  phosphorus  of  the  nervous  o.netituiion  of 
■  Tesicles  during  their  period  of  activity.  That  portion  of  the  •*"""■ 
'  solid  constituents  of  the  urine  which  is  due  to  decay  or  retrograde  met- 
^  affiorphosis  is  shown  when  an  animal  is  exclusively  fed  on  sugar. 

H  Oftiiprwiion  of  Urae.     (From  SerzeSiuS) 

H  TViitor 8aS.OO 

K  l-'nai 80.10 

^^^^^K  Uric  Acid l.oa 

^^^^^^^P  Lartic  ACtd,  lactnUi  of  mnnnonia,  and  extractira 17.14 

I^^^^^^P  Mucus .„ ^, 00.B3 

^^^^^K  Sulphate  of  potasb 3.TI 

^^^^^H  Snlpbate  of  soda 3.16 

^^^^^V  Pbo^ihato  of  soda 3.01 

^^^^^^P  Bi^uqihaw  of  ammonia l.GS 

^^^^^ft  Clilwido  of  sodium 4.4fi 

^^^^^^H  Muriate  ofammoula l.CO 

^^^^^^B  PlioHpliatesof  lime  mod  msgocsla. 1.00 

^^V  SUica 0.03 

^^^  1000.00 

W  The  composition  of  urine  is  not  only  disturbed  by  variations  in  the 
aniotuit  of  its  normal  ingredients,  but  likewise,  in  morbid  stales,  by  tlic 
appearance  of  unu.<!ual  ones.  Among  these  may  1>c  more  particularly 
mentioned  sugar,  albumen,  blood,  bile,  pus,  fat.  The  presence  of  such 
abnormal  ingredients  is  determined  by  chemical  tests  or  microscopic  ob- 
servations. 

Since  the  urinary  apparatus  is  the  sewer  of  the  system,  tables,  like  the 
preceding,  whicli  purport  to  set  forth  the  composition  of  its  Variahfiiiy  of 
excretion,  can  only  be  received  an  general  illustrations.     In  iu  contUtv. 
the  urine  must  occur  whatever  materials  have  been  gcncr- 
mted  iu  the  complicated  disintegration  of  the  economy,  and  whatever  use- 
less substances  have  found  tlieir  way  in  through  the  absorbents  by  rca- 

L  son  of  their  solubility  in  water. 

B       Kespecting  the  substances  thus  occurring,  cither  normally  or  uiiusu- 

'      ally,  in  the  urine,  the  following  are  observations  of  interest: 

The  quantity  of  urea  excreted  depends  more  upon  the  nature  of  the 
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v«ri»iioni'in  ^"^^  *^'*"  upoii  any  otlier  condition.  It  reaches  its  maii- 
tb«  •luantity  mum  Under  an  absolute  animal  diet,  and  its  minimum  uoiler 
**  '"*^  a  non-nitrogenizcd  one     It  still  appears  during  fasting,  and 

fibout  to  the  same  extent  as  during  a  non-nitrogcni£ed  diet.  Its  souraes, 
therefore,  are  partly  the  waste  of  the  tissues  and  partly  the  food. 

By  eevcral  observers*  urea  has  been  delected  in  the  blood  under  ordi- 
nary circumstances.  After  extirpation  of  the  kidneys  it  has  been  »• 
pcatcdiy  recognized  in  that  of  the  lower  animals.  It  is  removed  with 
Bucli  rapidity  b}'  the  kidneys  that  its  quantity  is  probably  never  pe^ 
niittcd  to  exceed  a  tit^ieth  of  one  per  cent,  of  the  circulatin<:;  blood,  Its 
origin  Ima  generally  been  attributed  to  the  waste  of  muscular  tis5ue, 
though  it  has  not  yet  been  detected  in  muscle  juice ;  but  then  it  should 
be  remembered  that  creatine  and  inosic  acid  may  produce  it  during  thdr 
dcaotmding  ractamorphoais.  Under  this  view,  the  seat  of  its  prodactiaii 
would  be  the  blood  itself,  a  conclusion  which  is  enforced  by  the  ctrcom* 
stance  tliat  caffeine  also  increases  its  amount. 

In  his  inaugural  dissertation,  entitled,  "  Is  muscular  Alotion  the  Catuo 
OriKtn  of  the  of  thc  ProductioH  of  Urca  V^  Dr.  John  C.  Draper,  by  cspcri- 
iirvA.  nicuts  on  thc  urine  of  jicrsons  in  diifcrcnt  conditions  of  motion 

and  rest,  and  by  an  examination  of  the  diurnal  and  nocturnal  rariationa 
in  the  amount  of  urea  voided,  compared  with  an  invariablo  standard, 
gives  reasons  for  concluding  that  the  differences  in  tlic  amount  of  urea 
excreted  are  almost  entirely  attributable  to  the  influence  of  llic  food,  an 
individual  in  such  a  Htite  of  comparative  rest  as  is  observed  during  treat- 
ment for  a  fractured  leg  not  excreting  by  any  means  so  much  leas  nret 
aa  might  have  been  anticipated  when  compared  with  another  individaal 
wlio  walked  thirteen  miles  at  the  rate  of  four  and  a  half  miles  nn  hour. 

But,  on  examining  the  in6uencc  of  food,  it  ap]>cars  to  be  well  marked. 
The  greatest  amount  of  urea  is  excreted  within  a  few  hours  of^cr  dinner. 
Another  maximum  also  occurs  just  after  breakfa.st ;  but  during  the  eight 
night  hours  hr  less  is  excreted  than  during  tlie  siime  period  in  thc  aft- 
ernoon. 

Tlie  ingestion  of  food  thus  exercising  so  rapid  and  marked  an  influ- 
ence on  tlic  quantity  of  nrea,  he  refers  to  it  as  the  cause  of  the  increased 
excretion  of  that  subslanco  during  the  course  of  thc  day  rather  than  to 
the  increased  motion  of  exercise  then  indulged  in;  and  in  view  of  this 
conclusion,  it  becomes  probable  that  the  nitrogen  of  thc  wasting  niasca- 
lar  tissues  escapes,  not  under  thc  form  of  urea  througli  thc  kidneys,  but 
tiirougli  tlic  skin,  or  perhaps  even  as  free  nitrogen  from  the  lungs. 

Of  tJic  variations  of  thc  sulphates,  it  may  be  observed  that  the  arcr- 
VBriations  of  ^e*^  diuHial  cxcrction  of  sulphuric  acid  per  thousand  parts  of 
ih#  iiiiiih^u-s.  ^H^n  being  0.050  of  a  part,  an  increase  ia  observed  during  di- 
gestion, a  diminution  occurring  during  the  night,  the  minimum  being 
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nadied  in  the  forenoon.  Kxerciso  to  a  moderate  dcgreo  does  not  seem 
to  inHaenoe  it,  though  that  of  n  moro  violent  kind,  and  also  mental  cx- 
dternont,  do.  Fasting  for  one  day  docs  not  diininisli  it.  Copious 
dnfta  of  water  increase  it,  but  it  finbseqncntly  declines.  The  admin- 
istration of  snlplmr,  and  of  the  sulphates  of  potash,  soda,  and  magnesia, 
idso  inere;iR'3  it,  the  latter  salts  being  removed  liom  the  system  through 
tlic  kidneys. 

The  quantity  of  extraetive  matter  excreted  by  children  ia  much  moro 
than  that  excreted  by  adults,  when  estimated,  as  ail  such  Qo«ntiiTof«x- 
dbscn'ations  ought  to  be,  by  reduction  to  a  common  stand-  tnwtWfl'io 
ani.  Thus  Schcrer  found  that  tor  every  thousand  parts  of  '"^"*'" 
weight  a  child  excreted  0.3-IG  of  a  part  of  extractive  per  diem,  but  an 
adult,  for  each  thousand  parts  of  weight,  excreted  0.166  of  a  part,  which 
is  less  than  half  as  muclu 

The  quantity  of  clilorine  in  the  tirine,  as  chlorides  of  sodium  and  ])0- 
tassiuui,  undergoes  many  variations.  Ilcgar  shows  tliat  it  v.riAtlon»i 
ia  at  a  maximum  in  the  afternoon,  at  a  minimum  in  the  th*>  chlundt  of 
night,  and  rising  toward  morning.  Its  quantity  L*  increased  ***  '"'"' 
after  taking  water,  and  then  diminishes.  ^luscnlar  exercise  also  In- 
creues  it.  It  is  interesting  to  remark  that,  in  inflammatory  conditions 
accompanied  by  copious  exudations,  tlic  chlorides  in  the  urine  are  so 
nmch  diminished  tliat  that  secretion  in  its  fresh  state  wilt  yield  no  pre- 
cipitale  with  nitrate  of  silver.  In  SO  cases  of  pneumonia  observed  by 
Hedtcnbochcr,  the  acidific<l  urine  did  not  become  turbid  witli  nitrate  of 
ailrer,  but  as  the  inflammatory  action  subsided  the  chlorides  reappeared. 

Of  medicaments  and  other  unusual  substances  introduced  into  the  or- 
ganism, those  wliich  arc  soluble  in  water,  and  have  little  g^^    ^f 
affinity  for  the  constituent  matters  of  tlic  body,  arc  removed  »■!  mIu  in 
in  the  urine,     in  thia  list  arc  found  a  great  number  of  salts  *  *  '^'°*' 
wlncfa  escape  in  tliis  manner  witliout  undergoing'  any  cliongc  ;  such,  for 
example,  as  carbonate  of  potasli,  nitrate  of  pota^li,  bromide  of  sodium. 
Other  substances  undergo  cliange  previously  to  their  elimination,  as.  for 
instance,  the  alkaUne  sulphides,  which  become  oxidized,  and  arc  then 
finally  removed  as  alkaline  sulphates.     Dr.  Bencc  Jones  has  satisfactori- 
ly shown  that,  when  ammonia  is  taken,  it  is  removed  as  nitric  acid  in  the 
nrinc.     Under  the  administration  of  the  neutral  alkaline  salts  of  vegeta- 
ble acids,  alkaline  eartunates  in  excess  appear,  owing  to  the  oxidation 
of  their  acid  in  the  blood.     That  this  is  the  true  seat  of  the  oxidation, 
and  that  it  lakes  place  with  great  rapidity,  is  demonstrated  by  the  in- 
jection of  such  salts  into  the  jugidar  vein,  which  very  soon  ore  found  aa 
carbonates  in  the  urine. 
m      AVhen  oxalate  of  lime  is  introduced  into  the  stomach,  it  docs  not  mako 
B  ita  appearance  in  the  urine,  perhaps  because  of  its  insolubility  present- 
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ing  a  difficulty  to  its  absorptioiu  In  the  case  of  some  animals  it  occnn 
I'rMucttoQ  of  naturally  in  tlic  excrement.  Wlien^inmanf  it  iiitibandintlic 
driourbttfrJ-"  urine,  its  occarrenoo  may  be  often  traced  to  a  distnrbaaa 
piritioii.  of  the  respiratory  function,  or  'to  abnonnal  metaraorpbou 

occurring  in  the  blooJ.  Under  such  circumstancps  it  presents  itself  in 
convalescence  from  typhus.  That  it  can  arise  from  such  metamor[>lio«'w 
is  proved  by  tlio  circumslance  that  it  is  found  in  the  urine  after  the  in- 
jection of  urates  into  tlic  veins.  When  the  kidneys  act  vicariously  fer 
(be  lungs,  there  thus  appears  to  be  a  tendency  to  the  remoml  of  carbon 
under  the  form  of  oxalic  instead  of  carbonic  acid. 

Hippuric  acid  may  arise  in  the  oi^nism  from  the  mctamorpUopis  of 
OmiTTenM)  of  bcnzoic  and  cinnamic  acids,  the  administration  of  these  sab- 
liippiiric  add.  gtnn^ea  being  followed  by  its  excretion  in  the  urine.  If  any 
thing  was  ncccssan,'  to  prove  that  the  scat  of  its  origin  is  the  blood,  its 
discovery  llierein,  in  the  case  of  the  ox,  by  Verdcil  and  Dollfass  would 
be  sufficient.  Its  general  occurrence  in  the  urine  of  graminivorous  ani- 
maU,  and  its  absence  in  tliat  of  the  carnivora,  indicate  that  its  nonnil 
production  is  connected  with  the  nature  of  the  food.  However,  among 
some  of  the  lower  animals  it  ii  still  excreted  while  they  arc  in  a  state  tS 
starvation,  and  it  has  been  recognized  in  the  urine  of  diabetic  patients 
under  a  strict  animal  diet. 

After  the  injection  of  alkaline  Inctates  into  the  jngular,  the  urine  be- 
Ditappi>4nuira  comes  alkaline  in  the  course  of  a  qnartor  of  an  hour.  If 
wiM^from  'u«i  ^^^y  ^^^'^  ^**^"  taken  into  the  stomach,  in  about  double  that 
blood.  time.     The  passage  of  other  salts  is  sometimes  even  mon 

rapid ;  thus  the  ferrocyanide  of  potassium  has  been  detected  in  tlus  urine 
in  less  than  two  minutes. 

The  excess  of  protein  bodies  absorbed  from  the  digestive  canal,  find 
BaocM  of  pro-  unnecessary  for  the  repair  of  the  system,  is  rcmovofl  as  urea 
Min  bodlu  ra-  and  uric  acid ;  and,  in  like  manner,  the  sulphur  and  i>ho»- 
"'^  phorus  introduced  by  those  bodies  are,  after  oxidation,  dia- 

cliarged  as  sulpliatos  and  phosplmtcs.  Under  the  use  of  a  strictly  ani- 
mal diet,  the  urine  resemblea  that  of  carnivorous  animals  in  color,  acid 
reaction,  and  freedom  from  lactic  and  hippuric  acids. 
DtMnpearuce  '^^^  phosphate  of  lime  often  almost  totally  disappears 
oTphocphiiteaf  during  pregnancy,  and  fractures  unite  at  that  period  with 
""'•  ditHculty. 

Many  circumstances  regulate  the  length  of  time  that  extraneous  sub- 
Periodtliatcx-  Stances  will  remain  in  the  system ;  thus  it  sometimes  occurs 
trutous  »ui».    that,  after  the  administration  of  alkaline  salts  of  organic  acids, 
the  alkalinity  of  the  urine  will  disappear  in  the  course  of 
half  a  day,  while  on  other  occasions  it  will  continue  for  sev- 
Thc  period  also  varies  very  much  with  dilfercnt  individuals. 
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^Y^len  the  suheiance  adrainistercd  is  of  such  a  chemical  nature  that  it 
can  unite  with  any  tissue,  it  may  remain  in  tlic  system  ibr  a  very  long 
time;. 

The  anatomical  constraction  of  the  J^lalpigiuan  bodies  has  led  physi- 
ologists to  infer  that  there  arc  two  distinct  stages  in  tlio  sc-  siamierofMs 
crction  of  urine.  Tltcso  have  aheady  been  pointed  out  in  urilc^i  w 
the  remark.  Iliat  the  ]^lalpigliian  bodies  separate  water  Ixom  oiu-Riiua. 
the  blood,  but  that  the  solid  ingredients  arc  secreted  from  tliat  delicato 
plexus  of  vo-^scls  which  covers  tlie  walla  of  tlic  urinary  tubes.  Before 
accepting  this  opinion^  wc  may,  however,  obaor\c,  that  tlic  cbicf  solid  con- 
stituents of  the  urine,  as  urra,  uric  acid,  sulphate^^  and  phospbatcs,  pre- 
exist in  the  blood,  and  nre  all  soluble  in  water.  It  is  not  to  be  supposed 
that  the  water  which  ooacs  through  the  delicate  walls  of  the  MaJpighian 
tofts  should  leave  such  substances  bcbiiid  it.  That  the  loss  of  water 
•CtoaUy  takes  place  in  the  tuft  circulation  appears  to  Xm  proved  by  iho 
jact  that  the  vessel  emerging  from  the  tuft  is  less  timn  the  one  entering 
it;  the  volume  of  blood  is  less  by  the  amount  of  abstracted  water. 

We  must,  moreover,  take  core  tbat  wo  ore  not  deceived  by  a  name. 
The  Tcsscl  emerging  from  the  tufts  may  be  conveniently  ^^  artcriiiA 
enongb  called  a  t'ein,  but  is  tliere  any  proof  that  such  is  its  .luaiitj-  rctain- 
physiological  attitude?  Thcrc  Is  no  reason  to  believe  that  "'  '""'*'°'i*- 
iJie  blood  lias  lost  its  arterial  character  while  it  has  been  in  the  tuft.  At 
the  most,  it  can  only  have  lost  the  elements  of  urine.  It  is  not  until  it 
is  distributed  in  the  plexus  on  the  walls  of  the  urinifcrous  tubes  that  it 
really  gains  the  venous  charactex,  and  then  tlirough  nourisliing  those  ves- 
sels, and  particularly  the  cells  of  their  interior. 

These  considerations  therefore  lead  me  to  the  suggestion  that  tlie  inor* 
ganic  bodies,  as  urea,  uric  acid,  sulphates,  and  pliosphates,  wliicli  may  all 
be  rc^;arded  as  products  of  fuial  oxidation,  pass  out  with  the  water  in 
which  they  arc  dissolved  while  the  blood  is  yet  circulating  in  the  5lal- 
pighian  tut^.  The  loss  of  velocity  in  t!ie  current  by  tlic  arterial  twig 
breaking  np  into  so  many  vessels  must,  as  3Ir.  Bowman  states,  greatly 
favor  tbU  transudation,  as  does  also  the  pressure  that  must  arise  from  the 
blood  having  to  pass  tlu-ough  a  narrow  channel  of  exit,  and  still  more 
tfarongh  another  capillary  system  just  beyond.  It  was  arterial  blood  that 
eDtercd  the  tuft,  and  it  is  artcri:d  blood  that  emerges,  to  be  then  directed 
apon  the  walls  of  the  urinifcrous  tiibps. 

And  now  the  question  may  arise.  What  is  the  object  of  this  second  cap- 
illary circulation  ?  Though  the  statement  is  often  made  that  Tim  wiu  re. 
the  constituents  of  the  urine  arc  the  results  of  oxidation,  it  JS^J^J^**" 
is  very  far  from  being  strictly  true.  The  analysis  of  urine  tunsm, 
shovB  that  a  very  large  proportion  of  them,  classed  as  extractive,  nre  real- 
ly combostiblo  bodies,  and  not  titr  advanced  in  their  retrc^radc  mctaf> 


mor]>ho!ns.  Tlier  rctnm  f^tUlf  as  it  wctc,  the  traces  of  orgaiuxaSioa; 
they  Ixtlong  rallier  to  tliv  hvilrocarbon  family  tluin  to  the  nitrc^imcii 
It  may  lie  that,  for  the  removal  of  these,  cell  action  ia  nccessarr. 

"Wliatcvcr  iniporfrtiicc  may  Iw  attached  to  such  a  suggestion,  it  ia  vcir 
Mwieofn-nior.  clear  that,  notwithstanding  the  extreme  thinness  of  the  valli 
from  'ihL'Mil  0^  *hc  toft  vcsscls,  thc  rcUixation  in  the  speed  of  the  blood 
pi^iiUn  ue.  current  through  them,  and  thc  pressure  brought  to  bear  upon 
them,  tliat  water  could  not  be  separated  by  oozing  through  them  unleas 
there  was  an  additional  provision.  The  sac  into  which  the  exudation  is 
to  take  place  is  already  full,  and  it  may  be  questioned  whether  ciliary  mo- 
tion in  thc  urinifcrous  tubes  would  exert  a  sutKcient  exhaustion  to  relier© 
the  interior  of  the  capsule  from  pressure ;  but  the  introduction  of  a  liquid 
ot'  n  dirterent  nature  into  the  uriniferous  tube  may  call  at  once  into  oper- 
ation thc  principle  described  at  page  131  as  acting  in  tlic  capillary  circa- 
lation  of  thc  blood,  and  thus  thc  contents  of  the  Malpighian  sac  are  drawn 
forward  into  thc  urinifcrous  tube,  just  in  the  same  manner  that  water  is 
drawn  from  the  inside  of  a  bladder  tiirougli  the  jiorcs  thereof  by  aloobol 
on  thc  outride. 

THE  51A5IMABY  GLANDS 

The  mammary  glands  aro  situated  on  various  portions  of  the  abdom- 
^ .  ..      ,  inal  and  thoracic  surfaces  of  animals  of  the  class  niomnialia. 

I>Mcn)itioii  of 

UMsuunnivy  In  thc  higher  members  of  this  class  lliey  present  tJie  ai^pctf- 
*  ancc  of  racemose  glands,  rudimentary  in  thc  males,  bat  well 

develo|>ed  in  thc  adult  females,  especially  after  parturition.  They  separ 
ate  from  the  blood  the  white  secretion,  milk. 

In  the  omitliorj'nchus  the  mammary  gland  consists  of  an  obtuse  com 
of  coccal  follicles,  ending  upon  an  areolar  surface.  There  is  no  nippU 
The  milk  is  expelled,  both  in  these  and  thc  marsupials,  by  direct  mas* 
calar  pressure.  In  cetaceans  the  nipple  in  included  in  a  cleft  of  the  in- 
lt»  compani-  tcgamunt,  but  in  the  higher  mammalia  it  projects,  so  that,  be- 
livcanatumr.  jug  received  into  the  mouth  of  thc  young,  and  suction  bcix^ 
made,  thc  pressure  of  thc  nir  takes  ctfcct  upon  the  surtacc  of  thc  gland 
find  expels  tlie  milk. 

In  different  cases  llie  nnml)cr  of  mammie  differs.  In  the  human  spC' 
cics  there  are  but  two,  placed  ujwn  thc  thoracic  surface,  and  from  their 
position  favoring  thc  care  and  nursing  of  thc  child.  Among  other  ani- 
mals thc  number  seems  to  have  a  relation  to  the  number  of  young  lm>Qght 
forth  at  a  birth,  there  usually  being  a  pair  for  each  one.  Many  excej^ 
tions  to  thU  rule,  however,  occur. 

The  mammaiy*  gland  corresponds  in  anatomical  stmcturc  to  the  paro- 
tid and  pancreas.  It  consists  of  15  or  20  lobes,  each  from  ^ 
to  1  inch  in  width;  these  are  composed  of  lobules,  and  these, 
again,  of  co.'cal  vesicles.     The  excretory  ducts  arc  lined  with  tcsselated 
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thclinm.  The  ducts  converge  toward  the  Ttipplc,  oiwiung  upon  it  hy 
or  10  apertures,  and  in  tlieir  course  dilating  into  unipullii-,  of  email 
acity  in  women,  but  in  tlie  cow  capable  of  holding  a  quart. 

/V-s*.  As   regards   ila   development,  the  niammatj 

gland  originates  in  iJie  fourth  or  fifth  ti,  .uvTciop- 
month  as  a  papillary  projection  of  the  "*"'• 
mucous  layer  of  tlic  epidermis,  as  shown  in  I^iff, 
96,  in  wliich  1  is  tho  rudiraentary  gland  in  the 
male  embryo  of  five  months,  a  being  the  hornv. 
6»  nmcouB  layer  of  the  cpidcnnis ;  c,  process  of 
the  latter,  the  rudiment  of  the  gland  ;  </,  fibrous 
membrane  round  it.  At  2  is  the  lacteal  gland 
of  a  female  embryo  of  seven  months,  seen  from 
above:  ff,  central  substance  of  tbe  gland;  ft,  c, 
budding  outgrowths,  the  rudiments  of  the  gland 
lobes.     (Kolliker.) 

J^iff.  97,  vertical  section  of  the  human  niam- 
tygloud:  «,  a,  its  pectoral  surface ;  ^,/',  ekin  on  surface  of  the  gland  ; 
c,  skin  of  nipple ;  <I,  lobules  and  lobes  of  gland ;  f,  lac- 
tiferous tubes  passing  from  tbe  lobules  to  the  nipple. 

As  pregnancy  advances,  the  colls  of  the  gland  begin 
to  contain  fat,  in  a  manner  not  unlike  timt  which  is  re- 
marked in  the  cells  of  the  sebaceous  follicles  of  the  skin. 
AVlien  tho  gland  becomes  active  after  parturition,  it  is 
stated  that  the  first-formed  milk-cells  break  up  in  tho 
lactiferous  ducts  into  milk  globules,  their  membrane  and 
nucleus  disapix.'aring.  The  milk  globules  arc  minute 
particles,  varying  in  their  diameter  from  the 

tAt  ^^  **'«  Tiruinr  ^^  »"  ^"^h.  They  con- 
I  of  oily  material  inclosed  in  an  envelope,  as  is  shown  by  the  fact  that, 
Ingfa  they  will  resist  for  a  short  time  tbe  action  of  sidphuric  ether, 
n^M,  they  are  finally  dissolved  by  tliat  suU^tance.     Be- 

sides these  milk  globules,  there  arc  other  exceed- 
ingly minute  fat  particles  present.  The  milk 
which  is  first  secreted  after  delivery  contauts  cor- 
puscles of  considerable  size,  and  of  a  grantdatcd 
ap]>earance,  as  seen  in  tho  photograpli,  flff,  98, 
They  are  called  colostrum  corpuscles. 
They  arc  soluble  in  ether,  and  therefore 
I  vtui  oBtMtrai  ffirpoKiM.  contain  fat.  There  is  reason  to  suppose  that  all 
ftfiit  glolmles  of  the  milk  are  inclosed  in  cyst-like  pclliclcfl  of  casein. 
In  the  chapter  on  food  (Chapter  II.),  a  general  description  of  the  char- 
|U(ul  constitution  of  milk  has  bectt  given,  together  with  its  phj-sio- 
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pTOpcrtiM  of  I<>g)cal  rclattonB  in  nutrition.  It  may  now  be  added  that  &tth 
BiUk.  milk  presents  an  alkaline  reaction,  which  continues  longer  in 

the  milk  of  women  than  in  tliat  of  cows.  Left  to  itself,  and  the  moie 
quickly  tJic  warmer  the  air,  milk  turns  sour  tlirough  the  productino  of 
lactic  acij,  the  CAsein  undergoing  coagulation.  That  the  oil  globulca  juft 
Ajxiken  of  are  coated  with  a  film  of  a  coagulated  protein  body  appan 
from  the  circumstance  that  it  may  be  dissolved  by  acetic  acid,  and  the  ia- 
eluded  butter  i»  then  set  fret:. 

One  of  the  simplest  mctlioda  for  the  analyada  of  milk  consbts  in  cob^ 
Awaribor  nlntiiig  it  at  a  temperature  of  "212'^  with  pulverized  gypsum; 
"»^k-  the  mass,  being  then  evaporated  to  drjiie-ss,  is  pulverized,  tlie 

butter  being  extracted  by  ether,  and  the  sugar  and  nohible  salts  by  hot 
alcohol.  The  amount  of  the  soluble  sails  thus  obtaine*!  may  be  detenu- 
ined  by  inciiieratioii ;  and  since  their  amount  is  to  tliat  of  the  insoluUc 
salts  OS  5  to  7,  an  approximate  determination  of  the  latter  may  be  made, 
and  tlicrcby  the  weight  of  the  sugar  and  casein  corrected.  This  is  the 
method  of  Il&idlcn. 

It  would  appear,  from  examinations  that  liave  been  made  of  the  sccie- 
«.  1  ..  .  tion  of  the  mammary  eland  previous  to  parturition,  that  it 
kvtnoa  «nil  contains  albumen  in  the  place  ot  casern,  the  casom  gramiiUy 
"^  api)oariug  as  the  period  of  parturition  approaches,  but  not 

reaching  Its  maximum  until  a  few  days  after  that  event.  Colostral  milk 
dift'ers  essentially  from  the  subsequent  ordinary  secretion,  as  tlie  follow- 
ing tabic  shows : 

CauaitMtion  of  (bJburfixun  oW  JVUL     {Fnm  .Suaon.) 
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The  si>ecimen8  iierc  presented  were  obtained  from  the  same  individnil; 
and  from  the  table  it  appears  that  the  colostnim  contains  a  much  larget 
proportion  of  solid  material  than  tlie  milk.  The  qnanttty  of  fat  is  neat- 
ly double ;  the  cjuantity  of  sugar  is  likonise  much  greater,  but  tlie  rela- 
tive quantity  of  casein  is  less,  this  being  in  accordance  witli  tlic  state- 
ment that  Ihe  production  of  that  substance  ajrproaches  gradually  to  a 
maximum  whicii  is  not  attained  till  a  few  duys  after  parturition. 

The  composition  of  milk  varies  witli  many  circumstances.  Thus, 
VuiAbiiity  in  among  cows,  it  is  well  known  that  there  arc  certain  breeds 
iucomi«>!.iiwn.  which  peld  a  milk  in  which  butter  predominates;  in  others, 
a  milk  bi  whicli  tliere  is  an  excess  of  casein.  It  is  in  refeixmce  to  this 
that  such  are,  among  agricultural  people,  often  descnbed  aa  good  butter 
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or  good  cboosc  cowa,  as  the  case  may  Lc  Such  variationa  arc 
ae  often  popularly  referred  to  |>ccnliarilics  iii  tho  color  of  these  ani- 
iIb  ;  and,  indeed,  there,  ia  a  general  impression  of  the  same  kind  as  re- 
pots the  milk  of  women,  that  that  of  fair  women  ia  inferior  to  that  of 
Bnettes.  L*IIeritier,  who  lias  examined  into  thia  matter^  aclecte<l  two 
Dalea  of  the  same  age^  22  jeara,  and  caused  them  to  a<Iopt  tho  aainc 
it  and  tho  aamo  mode  of  life.  The  ono  was  a  blonde,  the  other  a  bru- 
The  following  tabic  exhibits  the  moat  marked  of  his  results  = 

iilB:  o/"  IVooKH  ofi^ffcraU  TenyMrdmotf*.     (From  L'lTeritter.'} 


Thf  nk-QiK-. 

TliA  Brunette. 

8jti.no 

lo.on 
4.00 

8M.30 

M.m 

71.20 

KHW.OO 

1000.00 

te  average  of  the  varioua  analyses  he  made  shows  the  same  general  ro- 
\U  though  not  so  strikingly,  tlie  number  being  for  the  solid  constitu- 
te, in  the  case  of  tlic  biondc,  120,  and  for  tliat  of  the  brunette^  V\4. 
Ab  would  be  expected,  tlie  constitution  of  the  milk  varies  greatly  with 
i  diet,  Simon  found  tliat  in  the  case  of  a  very  poor  woman,  induCTiiv  ..f 
D  had  been  almost  deprived  of  tho  necessaries  of  life,  the  '^"^  **"  *"'"*• 
antity  of  solid  material  was  only  8.G  per  cent.  On  ^ving  her  a  nutri- 
Itt  meat  diet  it  rose  to  11.9  per  cent.  Being  airain  reduced,  by  cir- 
IDBtanoes,  to  the  utmost  destitution,  the  soUd  residue  sank  to  0.8  per 
It. ;  and  on  once  more  being  supplied  with  a  nutritious  meat  diet,  the 
pccntagc  rose  to  12.fi.  Thcae  reaults  illustrate  in  a  striking  manner, 
will  be  presently  seen,  tlic  function  of  the  mammary  gl.and.     Simon 

0  found,  m  this  particular  case,  that  the  relative  quantities  of  ca.sein 

1  ragar  do  not  greatly  vary  with  these  oxtreme  dietary  variations,  but 
It  the  absolute  quantity  of  butter  docs.  On  the  two  occa-  ^^  .^  .  . 
ns  of  starvation,  it  was  as  low  as  S  parts  in  1000  of  milk,  cAwin  ui4  of 
I  on  the  two  of  full  nutritious  diet,  it  rose  to  34  and  3T  "*  ""*'*'■ 
ipcctively.  From  this  it  seems  to  follow  that  while  the  amount  of 
Mer  in  milk  is  detomiincd  by  the  quantity  and  quality  of  tho  food,  the 
iounts  of  casein  and  sugar  arc,  to  a  considerable  degree,  independent 
•wof.  and  hence  I  believe  their  origin  is  to  be  attrilnitcd  to  changes 
king  place  in  the  system,  and  that  tliese  substances  are  more  imroodi- 
ly  furnished  from  metamorphoses  of  its  structures. 

Tbc  CAsein  and  tiic  sugar  are  reciprocally  rclatwl  to  each  otlicr,  the 
uitify  of  casein  steadily  incrcaping  from  the  time  of  par-  pdaiive  qmn- 
ition  until  a  fixed  proportion  is  attained.     At  parturition  tiiy  of  cueUi 
\  quantity  of  sugar  is  at  its  maximum,  a  gradual  decline  ""^   '^^"' 
ring  until  ita  proportion  likcwiso  becomes  nearly  constant. 
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Saline  eiibst&noes  administered  hy  the  stomacli  or  rectum  do  not  air 
ExinaiwtM  ways  appear  in  the  milk ;  thna  the  fcrrocyanidc  of  poiassi- 
uiu  iD  milk,  mu^  wliich  may  be  quickly  detected  in  the  orine,  can  not  U- 
found  in  tlie  milk.  It  ia  curious,  that  wiien  iodide  of  potassium  has  hemx 
administered  to  the  mother,  in  doaes,  for  example,  of  three  grains  thriai 
a  day,  it  can  he  readily  detected  in  the  urine  of  the  iniant  by  the  usual 
teat  of  starch  and  nitric  aciit 

The  diurnal  quantity  of  milk  yielded  hy  the  human  female  has  hcca 
Diurnal  ^u»i».  estimated  at  from  32  to  G4  ounces.  This  estimate  is  ma/^ 
Uiy  QtaiUk.  ]yy  determining  the  weight  of  the  infant  before  and  after  suci* 
ling.  Although  a  certain  proportion  is  present  in  tlie  gland,  the  sccre- 
lion  appears  to  take  place  for  the  most  part  with  great  rapidity.  On  tie 
application  of  the  infant  the  blood  Bows  suddenly,  and  the  milk  jttius 
into  the  ducts,  constituting  what  is  termed  the  draft. 

We  now  enter  on  a  consideration  of  the  function  of  the  maninuir 
STwie  or  action  g^"*^  ^*'**^*  *  ^'**^**  of  determining  whether  it  acts  in  virtuf 
«f  tbamuums-  of  ils  Special  construction,  whether  it  iabricatcs  in  itself  k]r 
ly  gbuuL  ^  agency  of  cells,  the  proximate  constituents  of  milk,  oi 

whether  it  merely  strains  them  from  the  hlood  in  which  they  pre-exUt. 

Due  weight  should  hen^  be  given  to  the  fact  that,  unlike  tlie  excretioia 
of  tlic  lungs,  the  kidneys,  or  even  the  liver,  tlie  milk  contains  a  very  laige 
percentage  of  hiatogenetic  or  formative  bodies.  Its  casein  can  not  be 
considered  as  in  the  career  of  retrograde  transformation,  sioce  in  the  hodjr 
of  the  infant  it  is  presently  changed  into  albumen.  Such  a  fact  migtit 
even  lead  us  to  suspect  that  we  should  detect  some  essential  su-uctunl 
and  functional  differences  between  the  luommaj  and  other  glands. 

The  iuducnco  of  special  structure  is,  however,  disposed  of  by  the  no- 
lafianic*  «f  ™^oi^  wcU-authentifated  cases  now  on  record,  in  which  poT- 
q>M^  itnw.  tions  of  the  skin,  or  the  stomach,  the  navel,  inteetinca,  the  ax- 
illa, and  glands  in  the  groin  have  assumed  a  vicariou.s  action, 
and  secreted  milk ;  and  though  it  has  been  said  of  the  latter  instance  thst 
it  may  Lc  notJiing  more  than  an  ohsciuii  nuuiifcstalton  of  an  attempt  in 
the  human  sjiecics  at  a  repetition  of  tlic  mammary  gland  in  a  region  neai 
which  it  is  normally  present  in  the  lower  mammals,  such  a  remark  ha« 
no  application  in  the  other  cases.  Wc  may  therefore  infer  that  the  proxi- 
mate constituents  of  the  milk  arc  not  manufactured  by  reason  of  any 
special  structure  of  the  gland  whicli  secretes  them,  since  other  structures 
can  assume  a  ^-icarions  action. 

Tiiis  therefore  narrows  our  inquiry  down  to  the  point.  Does  the  mam- 
mary gland  merely  6Uer  off  from  the  blood  substances  already  existing 
in  it,  or,  those  substances  not  so  pie-existing,  arc  they  made  in  this  or- 
gan by  cells  ? 

Of  the  proximate  elements  of  milk,  many,  such  as  tlie  entire  group 


SOmCE  OP  THE  BLTTEn  OP  MILK.  229 

of  its  Baits,  are  acknowledgctl  on  all  hands  to  pre-exist  in  the  -jTiosaiuof 
lilooil ;  and  these,  constituting  abont  ^  of  its  solid  ingre<li-  milk  cxiat  In 
enta,  Tnu«l  lie  admitted  to  pass  into  the  secretion  by  atrainagc 
only.  Of  the  other  solid  ingredients,  the  fat,  which  constitutes  about  ono 
fourth,  also  exists  in  the  blood,  being  derived  by  lacteal  absorption  from 
the  fooil. 

IX>  milk-giving  animals,  then,  find  in  their  ordinarj'  diet  a  sufficient 
quantity  of  oleaginous  mnterial  to  supply  tlie  drain  establish-  yj^^  i,v.irocar- 
cd  through  the  mammary  gland,  nnd  the  calorifacient  do-  i«wi»  pre-cxi«» 
mand,  supposing  none  to  be  made  in  the  system  ?  The  to-  "*  * 
8earcht*s  of  Dumas  have  definitely  settled  this  question.  Of  these  the 
following  ia  an  abridgment : 

fai  M  Articles  of  Forw/e» 

Intlinn  com 8.7S  percent. 

IUc« 1.00  "  " 

Oa» ...,..v««,...«..- 3J0  ••  " 

Ryo 1.73  "  " 

■VVhcat 2.10  "  " 

D17  h»y 2.00  "  " 

Clorcf  in  flower 4.00  "  " 

'\\'hcM  Ktttiw 8.20  "  " 

Oul  straw 6.10  "  " 

Beetroot 0.05  "  » 

Poutoes 0.06  "  '* 

A  COW  in  good  condition,  eating  100  pounds  of  dry  hay,  will  furnish  21 
qnarts  of  milk,  from  which  there  can  be  obtained  1^  jwunds  Qn«ntityoffat 
of  butter.  If  tins  bntter  was  obtained  exclusively  from  the  'oforifie. 
food,  and  none  made  in  the  system,  we  ought  to  lind  in  the  100  pounds 
of  dry  hay  IJ  pounds  of  fatty  matter:  but  sulphuric  etlier  can  remove 
from  such  hay  2  pounds,  and  in  several  specimens  of  clover  cut  in  flow- 
er, M.  Bonssingault  found  the  proportion  as  high  as  4  per  cent.  We 
may  therefore  affirm,  relying  on  the  universal  experience  of  farmers,  that 
the  hay  eaten  by  a  milch  cow  contains  more  fat  matter  tlian  the  milk 
which  she  yields.  Thus  far,  therefore,  we  arc  not  authorized  to  regard 
the  animal  as  capable  of  producing  the  butter  found  in  its  milk,  but,  on 
the  contran,',  we  may  bo  led  to  suppo.so  that  the  whole  of  it  is  taken 
firom  the  food. 

In  a  physiological  point  of  %'iew,  a  single  experiment  of  this  kind  is 
insufficient.  Errors  may  arise  in  comparing  together  hay  taken  by 
chance,  and  the  produce  of  milk  taken  by  c1)ance.  It  would  doubtless 
be  far  better  to  establi.<?h  a  direct  experiment,  giving  tlie  proportion  of 
butter,  determined  by  analysis,  relatively  to  the  proportion  of  fat  matter 
consumed  by  a  cow.  This  experiment  has  been  made  on  such  a  scale 
and  with  so  much  care  as  to  be  very  convincing.  It  lasted  for  a  year, 
and  was  conducted  on  7  milch  cows,  the  milk,  dra^vn  twice  a  djiy,  being 
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carefully  nieasurcd.  The  7  cows  fumisUed  17,67G  quarts  of  milk;  iti 
veiglit  was  36,382  poiinJs.  Hcing  analyzed  from  time  to  tunc,  it  wu 
found  to  yield  3.7  per  cent,  of  batter,  completely  deprived  of  witrr. 
From  this  it  follows  that  llieae  7  cows  fixmishcd  during  the  year  134tj 
pounds  of  butter. 

During  this  time  they  ate  30  pounds  of  hay,  clover,  and  grass  hwi 
day;  that  is  to  say,  Ihe  7  cows  consumed  during  the  year  77,050 Ihs. 

Now  if  in  100  poumls  of  hay  there  aro  1.8  of  fat»  the  77,650  pouDi 
represent  1378 ;  recollecting,  however,  the  use  of  clover,  which  is  riclw 
in  fat,  the  amount  should  rise  to  more  than  2000  pounds.  But  the  hot* 
tCT  obtained  was  only  134G  pounds. 

From  this  experiment,  therefore,  we  gather,  that  a  cow  wbidi  is  pnig 
milk  finds  much  more  fat  in  the  fodder  she  eats  than  Is  sabseqaentlr 
yielded  in  her  butter.  We  may  therefore  conclude  Umt  such  an  auinnl 
extracts  firom  her  food  most  of  the  fat  it  contains,  and  that  she  eitkr 
stores  it  up  in  her  adipose  cells,  uses  it  for  the  production  of  beat,  or  coo* 
verts  it  into  butter. 

In  tlie  argument,  as  thus  presented  by  ^l.  Dumas,  tbe  question  ia  cvd- 
sidcrcd  in  its  quantitative  aspect,  no  allowance  being  made,  however,  for 
the  amount  of  oily  material  accompanying  the  fa'ccs,  and  no  estimate  «- 
fercd  of  the  proportion  destroyed  for  the  sake  of  producing  heat  It 
might  Ix*  that  the  entire  amount  of  fat  escapes  in  the  former  of  tliw 
ways,  and  that,  though  a  soflicicncy  occurs  in  the  food,  it  is  not  Bbsori)cd 
therefrom  into  the  system. 

There  arc  many  facts  which  show  tliat  the  identical  i&i  occurring  u 
The  idenUiMi]  the  food  19  actually  delivered  by  the  mammary  gland  with 
ii  fcmid'L  iho  '"""J  of  its  quantities  unchanged.  Thus,  if  hy  cliance  coirs 
uiUk.  should  e-at  the  tender  shoots  of  piac-trces,  or  wild  onions,  or 

other  strong^smelling  herljs,  the  milk  is  at  once  contaminated  with  ik 
special  flavor  of  their  oils.  The  same,  too,  takes  place  when  turnips  are 
introduced  in  their  diet.  If  half  tlic  allowance  of  hay  for  a  cow  is  re- 
placed by  an  equivalent  quantity  of  linsecd-cnke,  rich  in  oil,  the  cow 
maintains  hersrlf  in  good  condition,  but  the  milk  produces  a  butter  took 
than  usually  soft,  and  tainted  with  a  peculiar  flavor  derived  from  the  Un- 
seen! oil. 

To  tlie  preceding  iaeta  it  is  unnecessarj-  to  add  any  observations  in  re- 
lation to  the  carnivorous  mnmmnl.s  which  obviously  find  in  tlicir  pivjr 
large  quantities  of  fat.  In  tlie  chapter  on  culorifacicnt  digestion,  and  m 
that  on  the  functions  of  the  liver,  the  evidence  was  preecntexl  both  as 
regards  the  reception  of  oily  material  from  tlie  food,  and  likewise  its  fabri- 
SuiRciriit  cation  in  the  system.  From  these  sources  conjointly  it  miy 
qnuUty  of  fat  tlicrcfore  be  plainly  seen  that  fats  of  various  kiitds  must  al- 
ways exist  in  the  blood.     A  simple  arithmeeical  computation, 
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>iindcLl  on  tlie  data  furnished  hy  the  tables  of  tho  constitution  of  Llood  and 
tnilk  rcajwctively,  will  show  that  there  is  at  any  moment  a  suilicicnt 
pply  of  fatty  mottcrs  in  the  blood  to  furnish  two  thirds  of  the  diurnal 
ouut  of  uiilk.  It  docJ9  uot  seem,  therefore,  philosophical,  under  these 
circuni stances,  to  ini]>ute  to  the  niuiumary  gland  a  power  of  fonning  but- 
ler- It  doubtless  obtains  that  substance  directly  from  tlie  blood ;  and  it 
may  be  that  those  bodica  which  arc  conceived  of  aa  cells,  and  which  are 
supposed  to  arise  in  the  lobules  of  the  gland  in  successive  broods,  which 
ran  a  rapid  living  career,  coming  into  existence,  reaching  maturity,  dying 
«nd  deliquescing  with  incredible  rapidity,  are,  in  reality,  nothing  more 
than  oil  globules  which  have  coaled  themselves  over  wltli  a  cyst  of  coag- 
olatod  caficin,  as  in  Ascherson's  experiment,  or  just  as  they  become  coat- 
ed with  a  similar  61m  immediately  on  passing  from  the  intestine  into  the 
lacteal  vessels ;  and  this,  accordingly,  U  the  opinion  I  entertain  of  their 
nahirG. 

Next  of  the  casein.  There  has  been  much  contro%'crsy  among  chcni* 
ists  respecting  the  existence  of  casein  aa  a  normal  ingredj-  Reawna  for  !n- 
eDt  in  llie  blood.  Theoretically  there  does  not  appear  any  ^.llJp^^'i^* 
solid  reason  for  denying  that  it  may  be  one  of  those  constit-  tlood. 
ucnts,  considering  tho  analogy  of  constitution  which  it  shows  with  albu- 
men. The  evidence  is  much  more  distinct  and  }>ositivo  in  the  case  of 
poeiporal  blood,  and  is  greatly  strengthened  by  the  recognized  tendency 
to  the  occurrence  of  kicstine  in  the  urine  during  gestation.  This  sub- 
Jtence,  to  which  much  attention  haii  of  late  been  devoted,  makes  its  &]>- 

moe  in  such  urine  sxn  a  tiellicle  or  membrane,  which  cradu- 
ally  increases  ui  thicKness.  it  is  not  commonly  seen  before  60 
iioun}  after  the  urine  is  passed,  nor  later  than  the  eighth  day.  Though 
sometimes  appearing  at  an  earlier  period  of  gestation,  it  is  more  frequeut 
in  the  seventh,  eighth,  or  nintli  months.  The  &ct  is  not  without  signiii- 
canco  for  our  present  purj)03e,  that  it  may  reappear  in  the  urine  after  par- 
turition if  any  tiling  occurs  to  check  the  secretion  of  milk.  Moreover, 
Prout  noticed  it  in  the  urine  of  a  delicate  child  which  was  fed  chiefly  on 
milk.  An  examination  of  it  shows  that  kie;iitinc  is  composed  of  casein,  a 
butync  fut,  and  the  phoaphuto  of  magnesia.  Such  a  constitution  bctiaya 
at  onoe  its  relation  lo  the  secretion  of  the  mammary  gland. 

Xiohninnn,  who  inclines  lo  tlic  belief  that  kieslinc  is  nothing  el;**^  but 
the  ibrmation  of  crystals  of  triple  phof^pliate  and  fungoid  and  confcrvoid 
growths,  whicli  take  place  when  tlic  urine  becomes  alkaline,  admits  that, 
unless  it  has  been  tho  basic  albuminate  of  soda  which  has  Itcen  nn.^lakcn 
for  it,  cacein  docs  occasionally  occur  in  the  urine.  Frum  (lie  acknowl- 
edged  fact  that  the  acid  interstitial  juioc  of  muscle  6bre  contains  casein, 
there  can  not  be  any  doubt,  I  think,  that  tliat  substance  must  prcHixIst 
in  the  blood. 
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Tlie  occummce  of  casciii  undcx  the  form  of  kicstiiic  in  f  ho  tmae,  in 
quantity  increasing  a3  gestation  advanceis  indicates  tliereibre  tliat  tie 
system  is  assuming  a  propensity  for  tlic  genenition  of  this  subatancQ  £niin 
ita  albumrnold  t-onipouiidit :  and  since,  in  uiscs  of  ston'ation,  the  percent- 
age of  casein  in  tlic  milk  does  not  aecm  to  be  matorioUy  affeclcdf  «c  ue 
to  attribute  its  immediate  source  to  the  B3'stem  ratlier  than  to  the  food. 
In  this  rei^pcct  it  differs  from  the  oily  constituent^  butter,  the  {."crccntage 
amount  of  which  is  instantly  ailccted  by  variations  in  the  ttntnre  ud 
quantity  of  the  food.  It  would  Bcem,  indeed,  that^  from  the  ^une  phsbl 
ingredient,  albumen,  the  soft  tissues  of  both  mother  and  inJant  are  &hi* 
cated,  with  this  dificrcncc,  that  in  the  latter  case  the  temporary  conditiea 
of  casein  is  intermediately  assumed.  ^Ve  have  already  remarked  on  the 
identity  of  constitution  of  albumen,  casein,  and  fibrin,  so  far  as  their  aa- 
bon,  hydrogen,  nitrogen,  and  oxygen  ore  concerned ;  and,  indeed,  thete 
compounds  differ  far  lcs3  in  their  physicjil  chamctc-rs  from  one  anothci 
than  albumen  in  its  coagulated  and  uncoagulatcd  state ;  yet  tiiat  ditlet- 
ence  iji  physical  quality  may  be  readily  brought  about  by  so  trifling  tn 
agency  as  rise  of  temiieralure  tlirough  oidy  a  few  degiv^a,  and  is  proW 
bly  dependent  ujkjh  tlio  diHcrent  allotropic  forms  wliich  the  carbon  cot* 
stituent  i^  2^'^"*^  ^^  assume  Uinng  due  weight  to  these  vnrioos  coomk' 
crations,wo  shall  tind  reason  to -conclude  that  this  constituent  of^ 
milk,  the  casein,  is  directly  derived  trom  the  system,  which  can  manti^ 
turo  it  at  a  rate  of  about  30  grains  (icr  hour,  this  being  about  ono  lislf 
the  quantity  of  fibrin  generated  in  the  i^aiue  |x^iod  of  time  for  the  sap- 
port  of  the  muscular  tissues.  Chemically,  the  transition  from  aibtUDCO 
to  castin  is  not  to  be  regarded  citlicr  as  an  ascending  or  declining  motsr 
morphosis,  but  only  as  the  temporary  assuniption  of  a  state  of  pasMge 
onward  to  the  condition  of  fibrin. 

AVith  rcsiwct  to  the  constitution  of  casein  there  is  considerable  doubt 
rnmpicx  na.  Thc  substancc  commonly  passing  tutdcr  tJiis  title  seems  te 
tuw  of  c«»<.m.  consist  of  at  least  two  different  bodies ;  at  all  events,  it  maj 
be  separated  into  two  parts,  one  containing  sulphur,  and  the  other  not; 
moreover,  if  to  niilk,wliidi  has  lieen  jierfectly  freed  from  butter,  thcro  be 
added  dilute  liydrorldoric  acid,  tlic  ordinary  precipitate  is  yielded,  b(it 
there  Hiill  remains  in  sohition  nn  analogons  body,wiiich  docs  not  precipi- 
tate until  tlie  mixture  is  boilccL  In  milk,  though  much  of  the  casein  is 
held  in  solution,  much  also  exists  in  tito  coagulated  state,  forming  the 
wait  of  thc  milk  globules.  Ita  existence  under  this  roembnmous  fonn 
may  be  demonstrated  by  the  action  of  acetic  acid  on  milk  globules  tm- 
der  tlie  microscope,  and  also  by  shaking  new  milk  with  ether,  which  pro- 
duces very  little  cliange ;  whcrwis,  if  the  milk  were  only  an  emulsion,  the 
ether  should  take  up  the  fat  and  hold  it  in  solution.  Now,  on  the  addi- 
tion of  potash  or  its  cai'bonate  to  milk  before  the  action  of  etlior,  those 
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gQT>3lancea  dissolve  the  membrane,  and  then  the  ether  takes  up  the  fat 
and  forms  a  dimly-clear  Rolulion.  We  may  llierefore  conclude  that  the 
substance  we  designate  as  casein  consists  of  two  ingredients,  the  protein 
compound,  which  exists  in  a  state  of  solution  in  milk,  and  also  that 
which  forms  the  membrane  of  the  tilt  corpuscles. 

llany  of  the  remarks  just  made  respecting  the  origin  of  casein  are  ap- 
plicable to  the  saccharine  constituent  of  the  milk,  ihc  origin  Origin  of  the 
of  which  is  not  to  be  attributed  so  much  to  the  food  directly  ""f™"  of  milk. 
as  1o  tJie  system;  for,  in  starvation,  the  ?ngar,  like  the  casein,  still  con- 
thmes  to  form  to  nearly  the  nonnal  amount.  I  think  it  is  probable  that 
its  production  is  due  to  tlic  liver,  and  is,  in  reality,  nothing  more  than  an 
indicsition  of  the  continued  arlion  of  lliat  gland,  ono  of  the  prime  func- 
tions of  which  is  the  generation  of  saccliarino  compounds. 

Fron»  the  data  now  Iwfore  us  respecting  the  origin  of  the  different  con- 
stituents of  the  milk,  the  casein,  the  butter,  the  eugar,  and  ^^  mnmmarv 
the  salts,  we  are  able  to  come  to  a  definite  conclusion  re-  Ki<in<i  «<  u  by 
garding  the  physiological  action  of  the  mammary  gland.  1  '""°°' 
have  entered  on  this  long  disquisition  from  tlie  important  bearing  wliich 
the  decision  we  arrive  at  has  upon  the  whole  tlieory  of  secretion^  for  if 
there  be  a  gland  in  tlie  body  in  which  we  ahoidd  expect  to  iind  proo& 
of  formative  power,  tlirough  the  agency  of  cell  life  or  otherwise,  in  giving 
rise  to  products  that  did  not  prc-exLst  in  the  blood,  it  is  certainly  the 
mararaar}'.  But  now,  as  it  appears  tlist  all  the  constituents  wliich  its 
secretion  contains  are  found  in  the  blood,  wc  can  scarcely  suppose  that 
the  ^and  itself  does  more  tlian  merely  strain  them  out;  of  course,  in  com- 
mon with  all  such  stmctTires,  it  possesses  what  might  aptly  be  termed 
an  elective  liltrating  power ;  thus  it  permits  the  exudation  of  the  iodide 
of  potassium  from  the  blood,  but  refuses  a  passage  to  the  fcrrocyanide. 
And,  finally,  the  conclusion  to  which  we  thus  come  recalls  the  remark 
hcrctotbrc  made,  thai  the  more  thoroughly  we  sludy  the  secretions  deliv- 
crod  by  the  various  glands,  and  the  more  pcrt'octly  wc  identity  tiie  sources 
from  which  their  constituent  ingredients  have  been  derived,  the  more  wc 
should  be  disposed  to  impute  glandular  action  to  the  physical  process  of 
elective  filtration*  and  the  less  to  tlie  agency  of  cell  life. 

OF  TUE  SiaJJ. 

The  skin  is  composed  of  two  layers,  the  epidermis  or  cuticle,  and  the 
derma  or  cutis.  It  contains  two  systems  of  glands,  one  for  the  removal 
of  water,  and  another  for  tluit  of  oily  substances.  It  also  presents  sul^ 
sidiarj'  parts  or  ap|)enilage3,  audi  as  the  nails  and  hair. 

The  epidermis,  which  is  the  exterior  portion  of  the  skin,  originates  from 
the  cutis.  It  has  a  ditFcrcnt  tliickncss  in  ditfercnt  parts;  TheepWermUi 
the  contiastt  in  this  respect,  being  very  well  shown  upon  thu  *"  structurfl. 
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solca  of  the  foet  and  tlic  cvelida.  In  this  respect  its  use  is  mcclianicaL 
It  Ben*es  as  a  protective  covering  lo  the  parts  it  envelopes  being  thici 
^vhere  pressure  and  liard  usage  have  to  be  provided  for,  and  thinner  wlicre 
there  is  a  necessity  for  motion.  It  coiiBists  of  an  aggregation  of  undo 
atcd  p.iTticIes  adhering  together,  the  deepest  being  grantUes,  the  intrr- 
znediato  more  perfect  celU,  which  gradoally  become  flattened  scales  ii^ 
they  ai*u  examined  nearer  the  surfice.  They  undergo  constant  exuvia- 
tion, and  ore  as  conatantiy  rephiced  from  beneath,  the  supciticial  odu 
becoming  drj-  and  homy,  thus  furnishing  a  resisting  ti^ment,  the  oper- 
ation of  whicli  is  very  well  displayed  by  the  action  of  vesicating  agents; 
a  watery  diecharge  from  the  vessels  of  the  cutis  soaks  throngh  llie  loircr 
Btibatance  of  the  cuticle,  and  raises  the  dry  layers  above.  The  cbeminl 
composition  of  these  dry  scales  is  the  same  aia  that  of  nail,  hair,  horn, 
and  is  C,^  II^^,  N,,  0,g. 

At  one  time  it  was  Hup[K>5cd  that  the  rete  mucosum,  or  layer  of  3Ial- 
Title  niucoium  P'S'"»  ^1*'^^'  '3  the  lowcst  portion  of  the  cuticle,  and  tbcrt- 
uid  iu  coiur-  forc  rcsting  on  the  cutis,  is  a  distinct  atracture.  It  is,  ho1^ 
ngtDAtur.  fiycYy  merely  the  most  recently-formed  portion  of  the  cuticle 
The  netted  fippenraiicc  it  |>rcscnt3  originates  in  the  eminences  of  tlie  pip- 
illary  stnictnro  below.  Many  of  its  constituent  particles  contain  eel* 
oring  matter,  csjx?cially  in  the  dark  races.  The  pigment  seems  lo  U 
produced  by  the  agency  of  the  sunlight  and  continued  high  temjieniluie, 
though  it  di^aji^iears  gradually  as  the  ccHh  containing  it  approach  tbe 
surface.     It  yields  a  vciy  hirge  percentage  of  carbon. 

Beneath  the  epidermis  is  llic  derma  or  true  skin.  It  is  comjxiscd  oi 
_.    ,  fibrous  tissue,  which  also  senea  to  connect  it  with  the  parts 

Um-ooBtruc-  bencfltli,  blood-vessels,  Ivmphotics,  and  nerves.     In  its  areolii 
°*  tissue  both  the  white  and  yellow  fibrous  elements  are  found, 

the  proportion  of  each  vnrj'ing  according  to  the  mechanical  fanction  Ac 
part  has  to  discharge,  the  yellow  predominating  where  elasticity  ia  re- 
quired, and  the  white  where  a  resistance  to  pressure.  The  derma  abo 
contains  organic  muscular  fibres,  to  which  its  property  of  corr  :.  u 

^^         in  cutis  anscrina,  is  due.     On  ditl'ercnt  parts  it  is  of  difFcrcui  ..a, 

^^p  being  thinnest  where  motion  has  to  be  provided  for.  A  deposit  of  fatt^ 
^^^  material,  lodgcil  beneath,  gives  it  a  yielding  support.  Its  outer  surface 
I  presents  a  papillary  structure,  wliich  is  the  instrument  of  touch.     This  b 

I  more  ]>erfectly  developed  on  the  inner  surface  of  the  palm  of  tlie  hand  and 

I  fingers.     The  furrowed  aspect  of  the  cutis  arises  from  this.     A  farther 

I  consideration  of  the  mechanism  and  functions  of  the  papiihc  is  deferred  to 

I  the  description  of  the  sense  of  touch. 

^^^  The  photographic  engraving,  J^iff.  99,  represents  a  thin  section  of  the 

^^M        epidermis  of  the  foot  of  the  dog. 
^^^  The  general  method  of  arrangement  of  the  constituent  portions  of  the 
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ikin  may  bo  gathered  irom  the  perpendicular  section  of  that  of  the  cx- 

Kmal  auditor}'  meatus  in  7*'/*/.  100,     a,  the  derma;  i,  reto  mucosum ; 

L  liomy  layer  of  cpiJcrma ;  t/,  coil  of  ccruminous  glands ;  f,  their  cxcrc- 

Dry  ducts ;  J",  tlieir  apertures ;  ^,  hair-sacs ;   A,  sebaceotts  glands ;  V, 

Uases  of  fat.     (Kolliker.) 

/'tff.  101  shows  the  under  sorfaee  of  the  cuticle  detached  by  macera- 
ion  from  the  palm,  cxliibiting  double  rows  of  depressions,  in  which  the 
ipiUa:  have  been  lodged,  i\'itii  the  hard  epithelium  lining  the  sudoripa- 
ducts  In  their  course  through  the  cutis.     Some  of  them  arc  con* 
,cd  at  tlie  end,  where  they  Irnve  enteral  llic  sweat  gland.     (Todd  and 

Bowman.) 

J^ff,  102,  papilla;  of  the 
palm,  the  cuticle  being  de- 
tached. (Todd  and  Bow- 
man.) 


^^^m  man.) 


I-kpUtK 

Jf'if/.  li'ut  suriacc  of  (he 
skin  of  the  palm,  showing  the 
ridges,  ftirrows,  cross  grooves, 
and  orifices  of  the  sweat - 
ducts.  The  scaly  texture  of 
the  cuticle  is  indicated  by  the 
irregular  lines  on  the  surface, 
(Todd  and  Bowman.) 
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The  Nails  constitute  one  oftbe  appendages 
of  the  cpidcrma.  They  are  homy 
coverings  protecting  tlic  extremities 
of  the  fingers  and  the  toes.  They  originate 
in  a  fold  of  the  cutis,  and  become  firee  at  their 
outer  extremity.  The  nail  grows  fi^m  its 
roots,  inciOAsing  in  length,  and  simultaneously 
in  thickness.  Its  rate  of  growth  dei>emlaupon 
the  general  rate  of  nutrition.  Ouring  peri^Mla 
of  sickness  or  ahstincnce,  ita  ^Towth  in  both 
directions  is  retarded^  as  is  indicated  by  a  mark 
or  impression  on  its  sor&cc,  and  so  titc  nail 
becomes  a  register  of  the  condition  of  nutrition 
during  the  period  of  its  own  existence.  The 
thumb  nail  is  said  to  occupy  about  20  weeks  atoofiui«.m.s«K!ad»di. 
in  ita  growth  firom  the  root  to  the  extremity ;  that  of  Ihc  great  toe  abont 
two  year* — an  estimate  which  is  probably  too  long. 

The  Hair, — Each  hair  originates  in  a  flask-shaped  follicle,  formed ly 
.  a  depression  of  the  cutis,  and  lined  by  a  continnation  of  the  cu- 
ticle, and,  like  it,  prcsontuig  scales  on  its  sujMirficiea  and  round 
cells  beneath.  Tlic  bottom  of  the  follicle  is  the  place  of  origin.  Tlie 
hair  consists  of  two  portions,  the  outer  or  cortical,  and  the  inner  or  me- 
dullaiy,  the  proportions  of  which  differ  very  much  in  different  cases. 
The  surface  of  the  hnir  presents  a  layer  of  imbricated  scales,  within  which, 
at  the  lower  port,  arc  minnio  cells,  but  further  from  the  root  the  cells  bo- 
come  larger  and  begin  to  contain  pigment,  the  coloring  matter  being  dift- 
iributed  unequally,  sometimes  producing  a  tubular  apitcaranoc  in  the  am 
The  hair  grows  by  constant  prolongation  from 
the  follicle,  its  color  being  due  to  a  peculiar  col- 
ored oil ;  and  in  the  black  varieties,  iron  predom- 
inates. The  diameter  of  tlic  hairs  varios  irom 
tH^OtteW  <><■«"  inch. 

In  Fig.  104,  the  structure  of  the  root  of  a  hair 
and  part  of  its  shaft  is  displayed.  Bnlb  of  n 
small  black  hair  from  the  scrotum,  seen  tn  see- 
tion:  rt,  basement  membrane  of  the  follicle;  i, 
layer  of  epidermic  cells  resting  upon  it,  and  be- 
coming more  scaly  as  they  .ipproach  e,  a  layer  of 
imbricated  cells  forming  the  outer  lamina  or  cor- 
tex of  the  hair :  they  are  more  flattened  and  com- 
pressed the  higher  they  arc  traced  on  the  bulb. 
Within  the  cortex  is  the  proper  subetance  of  the 
hair,  consisting,  at  the  base,  where  it  rests  on 
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i  boAeaent  membrane,  ot*  small  angular  cells,  scarcely  larger  than  their 
nt-  uD>-  nuclei.    At  d  these  cells  are  more  bulky, 

and  the  bulb  consequently  thicker:  thero 
is  also  pigment  developed  in  tlicm ;  above 
d  they  assume  a  decidedly  tibrous  char- 
acter, and  become  condensed ;  e,  a  mass  of 
cells  iu  the  axis  of  the  hair,  much  lomlcd 
witii  pigmeut.     (Todd  and  Bo>vmau.) 

/i«/.  105  is  an  engraving  of  a  pboto- 
gi'aph  of  a  transverse  section  of  human 
hair  from  the  head.  The  outer  liuc 
shows  the  cortex ;  in  some  the  pigment- 
ary axis  is  seen ;  in  most,  however,  it  is 
absent. 
The  SUDOEIPABOLS  Glanus  originate  in  depressions  of  the  cutis  or 
beneath,  occurring  in  some  parts,  as  in  the  axilla,  Tj,p  Bn.iori|wi. 
numerously  than  in  others.  They  consist  of  a  tubo  wnijlaml*. 
on  ilselt",  and  sometimes  dividing  iu  convoluted  branches.  The 
^t  Xlius  arising  is  contained  in  a  cell,  the  wall  of  which  is  copiottsly 
tappUcd  with  blood-vessels :  the  duct  passes  through  the  superjacent  tis- 
sues. The  tube  is  formed  of  a  cylinder  of  kiscmcnt  mem- 
brane lined  with  epithelium.  The  basement  membrane 
may  be  considered  to  be  derived  from  the  outer  surfaoo  of 
the  papilla?,  and  the  epithelium  is  an  external  projection  of 
the  cuticle.  The  duct,  on  its  passage  outward,  loses  its 
basement  mcmbrano  as  it  escapes  between  the  papllhu; 
and  it  has  a  spiral  or  helical  aspect,  an  ajrangcmcnt  prob- 
I,      ■■  ably  intended  to  keep  the  calibre  open.     It  is  estimated 

that  the  number  of  sudoriparous  glands  is  about  seven  mill- 
ions, and  the  total  length  of  their  tubing  about  28  niilos. 

J^i^,  lOG  is  a  sudoriparous  gland  from  the  palm  of  the 
hand :  a,  a,  knot  of  tubes  with  two  excretory  ducts,  6,  by 
uniting  into  a  helical  canal,  wliich  perforates  the  e{}iderm!a 
at  e,  and  oj>cns  on  its  surlocc  at  d  :  the  gland  is  imbedded 
in  fat  vesicles  at  ^  «,  «,  «.     (Wagner.) 

The  SuUACEoLS  Glands  are  distributed  in  different 
d*np»TOo.[ti»ad,  abundance  in  various  parts,  their  office  being  tIic  M-brtooot 
to  lubricate  the  hair,  to  keep  the  skin  in  a  flex-  si""''- 
condition,  and  avoid  the  inconveniences  of  frictioiu     Their  ducts 
,  either  into  the  hair  follicles  or  upon  the  cuticular  surface ;  the  gland 
ioDsisting  of  basement  membrane  Uned  with  epithelium,  the  cells  of 
'ich,  as  ihcy  reach  maturity,  become  filled  with  a  sebaceous  or  oily  ma- 
Thc  car  glands  of  this  class  secrete  a  waxy  matter. 
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Suclt  being  tbe  construction  of  tho  Axa^  m'^  hart  next  to  speak  of  iti 
action.  It  dischiu^ics  a  double  function:  Isl,  as  an  excretino;,  and.  3d, 
a.s  an  absorbing  or^an.  In  this  respect  it  has  an  analogy  with  thcnm- 
C0U3  membrane,  vhich,  indce<l,  ia  a  reflection  or  continaation  of  it. 

Of  tho  excreting  action  of  the  skin.  The  skin  pcnnits  water,  saline 
IHflbmntktntU  1^^  ^^^^7  Bubstoitces,  to  cscapc  from  it  in  quantities  wliidi 
oriMi»i>iraU(«.  differ  on  dilTercnt  portions  of  its  surface,  the  nature  of  the  «e- 
cretions  varying  to  meet  local  TC<}uircmcrts.  In  the  cxarninatiun  wlucli 
vc  are  now  entering  upon,  we  shall  sjK^ak  of  these  Bubi^Ianccs  and  their 
proportions  in  a  general  way,  oveilooking,  for  the  time,  the  particalarv»> 
nations.  Yet  that  such  rarialions  exist  is  clear  on  the  most  superfidal 
observation.  The  sweat  of  tlie  feet  diflers  from  that  of  the  general  nu^ 
face,  as,  again,  does  tliat  of  the  arm-pits. 

It  has  been  usual  to  distinguish  tho  watery  tmnsndntion  into  two  pev- 
QuftDiliTof  tion*.  tbat  which  escapes  from  the  perspiratory  ducts,  and 
water  thrDiigh  tliat  passing  through  the  surface  of  the  cuticle-  1 1  has  crtu 
from  tint  duel*  ^*"  ^^  *'^*'  ^^^  *"***  glandular  secretion  passing  from  tbe 
oinpucd.  ducts  is  not  more  than  one  sixth  of  the  total  cutaneous  be* 
udfition ;  but  this,  I  believe,  is  altogether  erroneous.  When  we  renll 
the  im[K!rmeable  nature  of  the  homy  and  dried  scales  whieh  constitute  tb 
outer  portion  of  the  cuticle,  and  that  these  arc  constantly  coate^Uivcr  witli 
«n  oily  vantish  issuing  from  the  sebaceous  gland  >>,  we  may  infer  that  tk 
cutaneous  surtace  bctwccu  tl  e  mouths  of  tho  perapir.-.tory  ducts  is  coo- 
stnictcd  rather  for  the  hinderance  of  evaporation  than  for  its  promotion; 
and  though  the  oily  matter  with  whicli  the  skin  is  thus  imbued  is  justly 
regarded  as  having  for  one  of  its  functions  the  prevention  of  injury  fron 
the  a<lmission  of  cxteninl  moisture,  it  must  be  equally  ettectual  in  stop- 
ping (he  escape  of  water  from  within.  Tho  tardy  manner  in  which  »»■ 
tcr  thus  escapes  is  illustrated  by  the  operation  of  biisters. 

Under  tlic  form  of  steam,  water  continually  e^icapos  from  the  akin.  It 
E  h  iatk>a  '^^^  ^^  Certain  occasions,  issues  in  the  liquid  state  as  dro|is 
mnd  ptnplra-  of  swcat.     To  its  cscapc  undcr  the  form  o(  steam  the  desig- 

*  nation  of  exhalation  or  insensible  |)crspiration  is  given ;  but  if 

under  the  form  of  sweat,  that  of  sensible  perspiration. 

Of  Kx  halation. — On  condensing  the  vajwrs  which  arise  from  the 
skin,  tiicy  arc  found  to  consist  of  water  containing  a  little  acetate  of  am* 
monia.  With  the  water  likewise  csca(>es  carbonic  acid  gas.  W^ith  a 
view  of  ascertaining  the  weight  of  the  matters  thus  lost,  Seguin  inclosed 
E  Mr' me  In  ^^'"s*^^  '^^  ^^  air-tight  bag,  the  mouth  of  whicli  was  gummed 
to  lUK-cruia  iJitt  upon  his  tace  in  such  a  way  as  to  pcnnit  the  access  of  air  to 
^r  w«[^ng*'  **"'  i^l'iratory  oi^ans.  Ho  then  determined  the  weight  of 
tbrou^^h  Um  his  lx>dy  and  the  bag  together.  After  several  hours,  on  re- 
weighing,  he  ascertained  the  amount  of  loss  hy  pnlmomBiy 
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exhalation.  Then,  taking  off  the  air-tight  bag,  ho  was  weighed  again, 
and  after  another  interval  once  more.  The  difference  Iietwecn  the  two 
last  weighings  is  the  amount  of  tlie  pulmonary  and  cutaneoiiis  exhalation 
together,  and  from  these  data,  by  a  simple  arithmetical  ealeulation,  tlio 
value  of  each  may  be  determined.  By  these  experiments  it  appeared 
that  the  lo83  by  pulmonary  and  cutaneous  cxJialation  togetltcr  is,  on  an 
average,  dghteen  grains  per  minute,  of  which  seven  issue  from  the  lungs 
and  <:Ievpn  from  the  akiu.  The  variable  action  of  the  skin  is,  liowever, 
well  illustrated  by  the  extreme  numbers  observed,  the  minimum  Ijciug 
eleven  grains,  and  tbe  maximum  thirty-two.  From  the  experiments  of 
Valentin,  the  average  of  loss  through  the  skin  is  two  pounds  and  nearly 
half  an  ounce  a  day.  Seguin's  experiments  would  make  it  two  pounds 
and  three  quarters.  It  has  been  shown  in  Chapter  X.  that  (.„^of  (1,^ 
the  action  of  the  skin  is  partly  meteorological:  the  amount  ^nri»Me«aon 
of  water  passing  tlirough  it  depends  on  the  dew-point,  the  '^  "  "^ 
atmoaphcrie  temperature,  the  conductibility  and  pcrviousncss  of  tbe  cloth- 
ing. Whatever  physical  circumstances  promote  surface  evaporation  cor- 
rei^iondingly  promote  tJie  action  of  the  skin,  iloreover,  this  membrane 
acts  Wcariouflly  with  the  kidneys,  and  this  not  only  as  regards  the  water, 
bat  also  as  reganls  the  solid  matter,  a  large  amount  of  which  is  thrown 
off  in  the  course  of  the  day. 

In  all  computations  of  the  r[uantlly  of  water  eliminated  by  tlie  skin, 
it  sliould  not  be  overlooked  that  any  hiclosing  barrier  or  bag  must  neces- 
aarily  occasion  a  complete  alteration  in  the  conditions  under  wliich  the 
action  ia  occurring.  On  the  whole,  it  is  pcrliapa  most  probfihle  that  the 
ratio  of  the  matters  expired  through  the  skin  and  those  expired  by  the 
lungs  is  as  9  to  5. 

Besides  the  water  secreted  by  the  sudoriparous  glands,  carbonic  acid 
and  nitrogen  escape.  Their  relative  proportion  ia  variable,  Tmn-piratioo 
and  seems  to  depend,  among  other  things,  upon  the  nature  of  ^f  «*>*»• 
the  food,  tlie  carbonic  acid  increasing  under  a  vegetable,  and  the  nitrogen 
under  an  animal  diet.  From  the  experiments  of  Dr.  J.  C.  Draper,  above 
xeferred  to,  it  appears  that  the  absolute  amount  of  tlicse  gases  is  inilu- 
enoed  by  exercise. 

Ok  Perspiration. — Wlien  the  atmospheric  temperature  is  liigh,  and 
more  |)articularly  if  muscular  exertion  be  resorted  to,  tlie  H^^mlients  rf 
quojitity  of  water  issuing  from  the  perspiratory  ducts  is  so  i>«»f"r*L''"i- 
great  th:it  It  can  not  be  evaporated.  It  then  exudes  as  drops  of  sweat, 
which  become  mingled  with  the  oily  secretion  prepared  by  the  scbaceons 
glands.  From  this  commingling  it  is  scarcely  possible  to  obtain  the 
sweat,  in  an  uncontaminated  condition,  suitable  for  analysis,  or  even  to 
exclude  the  detritus  of  the  cuticle  itself.  In  a  thousand  parts  of  sweat 
there  are  £rom  five  to  twelve  and  a  hali*  parts  of  solid  matcriaL     Thcnard, 
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by  reflOTlin);  to  iliG  cxjwdiciit  of  woaring  for  Bonie  tiars  a  flannel  shirt 
which  bad  been  tborooghly  wnshed  in  dLitiUed  water,  ascertained,  aficr 
it  liad  Again  btien  waaliod  in  distilied  water,  tltat  it  Iiad  become  imboai 
witli  the  chloride  of  sodiuni,  acetic  ncid»  phosphate  of  soda;  phoisphate  of 
lime,  oxide  of  iron,  and  an  anttual  snbstanco.  Bcrzolius  found  in  the 
sweat  of  the  forehead  cldoride  of  Hodium,  lactic  acitl,  and  muriate  of  in- 
inoaia.  Jk'sidcs  tlicse,  otlier  cliemi.sts  liave  found  butyric  acid,  the  ca^ 
bountcs  and  sulphates  of  potash  and  soda,  and  the  carbonate  of  liia& 
That  sweat  contains  sulphur  is  proved  by  keeping  a  [nrtion  of  it:  wbea 
putrefaction  ensueSf  the  sulphide  of  ammonium  is  disengaged. 

Fountroy  first  detected  ureu  iji  jie-rspirution,  on  observation  SQ^St- 
qucntly  contirmed  by  Landcrcr  and  others.  That  the  skin  can,  under 
certain  circuinstanccR,  excrete  urea,  is  proved  by  the  interesting  &ct  thit 
this  substance  sometimes  occurs  as  a  blui&h  powdery  material  on  the 
bodies  of  those  who  have  died  trom  cholera. 

In  the  perspiration  formic  acid  also  exista,  and  in  certain  conditjou 
opCTin-Min)  of  *^^  disease,  as,  for  instance,  intermittent,  it  occurs  in  connd^ 
furmic  acid  iu  crublc  quantity.  Its  origin  may  be  from  lactic  iKid,  vhidt 
penpiratiou.  puggp*,  through  tlus  combination  in  gradually  proceeding  t0 
its  final  destruction  into  carbonic  acid  and  water.  It  has  been  asBertei 
that  the  increased  acidity  of  rheumatic  sweats  is  due  to  a  conoentratioD 
from  evaporation. 

The  sudoriparous  glands  Becrete  a  portion  of  fat,  as  is  demonstrated  by 
ETpcrimcnt  of  the  experiment  of  Krause,  who  removed  liom  the  jwilm  of  the 
UnuMM.  hand,  on  which  there  ore  no  sebaceous  glands,  loose  cpithe* 

lial  scales  and  fat  by  means  of  ether  and  friction,  and  then  placed  upon  a 
square  inch  of  it  several  thicknesses  of  filtering  paper,  which  was  kept 
in  contact  for  one  night,  and  projjerly  protected  externally.  The  papci 
yielded  to  tho  action  of  ctlicr  a  fatty  substance,  whicli  contained  nuugs- 
rine  and  oil,  in  quantity  suflicicnt  to  make  tissue  paper  translucent. 

Bat,  besides  tho  saline  substances  thus  dissolved  in  water,  tho  akin, 
SirmtlonofrAt  '^r*^"J?'^  ^''*^  action  of  its  scbaceoas  glands,  sccrctcji  olcagin- 
nnd  oil  from  ous  matcHaL  Tlic  nature  of  this  fatty  substance  differs  on 
I  ic »  m.  diflertmt  regions,  or  according  to  the  purposes  to  which  it  is 

to  be  applied.  Where  the  ducts  of  the  sebaceous  glands  open  into  the 
hair  folhcle^,  the  fat  is  of  a  Uquid  or  oily  nature.  Sometimes  stcanne 
and  margarine,  sometimes  choicstcrine  is  set  free.  Before  birtli,  tliis  last 
substance  is  the  chief  constituent  of  the  veruix  cascosa,  coating  the  sur- 
faee  of  the  skin.  In  this  manner,  sometimes  the  sapouitiable  and  some- 
times the  non'Saponifiable  fats  or  lipoids  ore  used. 

In  the  midftt  of  tlieso  complex  actions  a  very  important  principle  may 
Doable  «p|lon  he  disccmed.     I  have  spoken  of  tho  double  action  of  the  kid- 
ney, its  mcclinnism  for  removing  saline  solutions,  and  also 


of  the  (kill. 
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t  for  comLustiljle  nintcrial.  I  hnvc  now  to  present  the  skin  nnJcr  the 
aspect.  It  is  not  a  mere  analogy  that  exists  between  the  action  of 
organs ;  the  occurrcitce  of  urea  and  of  the  salt  substances,  the  namcft 
whicli  havo  been  specified  iji  botti  secretions,  ia  a  tact  of  the  utmost  sig- 
lific^nfjp.  T  IxUieve  that  the  sudoriparous  glands  are  tlie  counterparts 
f  the  ^lalptghian  bodies,  and  the  sebaceous  glands,  in  their  function,  aie 
bo  counterparts  of  the  urinitcrous  tubes.  Indeed,  this  double  action  is 
1I50  ilLatinguiuhed  in  the  case  of  the  mucous  membranes,  which  possess 
mo  instrumental  arrangement  for  the  transit  of  saline  solutions,  and  an- 
itliCT  for  that  of  fats.  And  since  the  skin,  the  mucous  membrane,  and 
fae  great  glands  connected  with  it,  arc  all  to  l>c  regarded  as  developments 
€  one  original  tissue,  we  b1iou1<.I  expect  to  discover,  even  in  their  coiicen- 
ntfion  or  8)iccialisation  of  function,  the  traces  of  their  origirml  and  eom- 
Bon  projH'rty,  Development  take.s  jil;iiv»  from  tlio  genenil  to  tlio  special ; 
uid  hence,  in  parts  which  have  arisen  from  the  same  primordial  structure, 
hough  they  may  bo  charged  with  the  accompUshment  of  functions  which, 
npliearance,  differ  essentially,  tl»ere  may  be,  both  in  their  action  and 
their  construction,  tlie  traces  of  their  original  identity.  It  is  in  this 
net  that  the  kidneys,  and  skin,  and  mucous  membrane,  possess  the 
>pCTty  of  acting  vicariously  for  one  another.  The  kidney  can  dia- 
water  for  the  skin,  or  the  skin  urea  for  the  kidney.  The  com- 
itiblc  matter,  known  as  extractive  in  the  urine,  can  be  set  free  under 
inishod  renal  action  by  the  sebaceous  glands,  and  the  saline  solutions, 
iminated  by  the  convoluted  tubing  of  the  tufts  of  Malpiglii,  can  be  set 
le  by  the  convoluted  tubing  of  lite  8udori]>arous  glands.  In  connection 
irilh  the  views  I  am  here  imprcssmg,  1  would  recall  the  structural  and 
Rinctional  analogy  tliere  is  between  the  transuding  mechanism  of  the 
Itidncv  and  the  transuding  mechanism  of  the  skin-  Both  arc  arrange- 
lAcnta  of  thin  convoluted  tubes,  and  the  same  may  be  remarked  as  re- 
pirds  the  elimination  of  combustible  material,  which  is  probably  accom- 
plished by  cell  action  in  the  urtnifcrous  tubes,  and  again  by  cell  action 
D  the  scbacoowt  glands. 

Besides  exercising  the  functions  of  exhalation  and  perspiration,  na- 
tteroos  facta  demonstrate  that  t!ie  skin  exerts  an  absorbent  AbMriitionb/ 
tction.     The  cnderniic  application  of  remedial  agents  eatab-  afgaanuad 
\hes  (his  in  a  snth^tiictory  manner.     That  water  can  find  UiiuiJa. 

in  this  way  is  shown  by  the  assuaging  of  the  thirst  whicli  may 

on  taking  a  batb ;  nor  is  the  amount  insignificant,  since  it  may 

TC  rise  to  a  considerable  increase  of  weight.     Thus  lizanls,  which  have 

kept  in  a  dry  atmOi*phere,  and  thereby  suffered  a  diminution,  recov- 

their  original  weight  aitcr  immersion  in  water;  nor  ia  it  necessary 

the  whole  skin  should  l>c  brought  into  contact  ivith  that  lic^uid ; 

mc  result  ia  obtained  if  merely  the  tall  and  hinder  parta  ore  im- 
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xnersed.  Gascons  substances  also  6nd  entrance  tlirougji  the  skin.  If 
the  hand  be  pnt  into  a  bell-jar  containing  oxrgen,  nitrogen,  or  carbouc 
acid  nt  the  pneumatic  Irougli,  absorption  of  those  gases  ensues,  l^roba- 
bly  it  ia  a  standard  tiinction  ol'thc  akin  to  permit  a  partial  artcrializatioa 
of  the  blood,  atmospheric  oxygen  being  exchanged  for  carbonic  add 
through  it,  an  action  the  residual  trace  of  the  community  of  function  )»• 
tvcecu  the  skin  and  mucous  mpmbmnc.  In  the  case  of  some  auiuials 
this  cutaneous  respiration  is  well  marked. 

Recapitulating  now  tho  more  im|x>rtant  actions  of  t!ic  skin,  the  foUov- 
Sommirr  of  *"&  statement  may  be  made :  It  regulates,  to  a  certain  extort, 
Ui«  tunciioas  tlic  amount  of  water  in  tlic  system,  disposing  of  it,  as  the  cue 
of  the  »kin.  jjjj^y  1^  either  as  sensible  or  insensible  transpiration.  Tie 
water  doubtless  maintains  its  liquid  condition  until  it  presents  itself  tx 
the  mouths  of  the  sudoriparous  ducts,  moistening  the  general  surlitue  of 
the  akin,  and  then  being  evaporated ;  or,  if  the  snpply  be  gixuitcr  thin 
can  be  thus  removed,  it  accumulates  as  drops  of  sweat.  There  appein 
to  be  no  substantial  reason  for  believing  tlut  any  portion  uf  water  tmu- 
adcs  directly  tlirough  the  structure  of  tlio  cuticle,  since  the  scaler  wtiicL 
compose  it  are  of  on  impervious  and  almost  horny  nature,  and  their  ti^ 
terspaces  are  fortilicd  against  any  such  leakage  br  the  oily  exudatiooB 
of  the  sebaceous  glands.  With  tlic  water  thus  presenting  on  llie  eur&tt 
are  many  compounds  which  arc  also  constituents  of  the  urinary  scoe- 
tion.  Among  these,  urea  may  be  j>articularly  pointed  out,  thus  indicatii^ 
a  similarity  of  instrumental  action  between  this  organ  and  the  kidneys, 
and  lliis  is  farther  substantiated  by  both  conlaining  provisions  for  the 
elimination  and  escape  of  the  hydrocarbons;  but  besides  these  direct 
functions  there  are  other  very  important  collateral  agencies  which  the 
skin  exerts,  and  particularly  us  a  regulator  of  temperatnrc-  In  tliis  re- 
spect tlic  action  is,  to  a  certain  extent,  mcteorologicah  But  tliis  has  been 
previously  treated  of  so  much  in  detail  that  it  is  unnecessary  lo  zesmne 
the  consideration  of  it  now. 
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OF  DECAY  AND  NUTRITION. 

mfi  Zamm  of  llVjAl  «i»  Stiirvttliott. — Inlenttiiuil  UttUh. — Effeei  of  AUotn^Um. 

^Xutritiim :  Nutrition/or  Hr/Hiir  and  y»tritumjbr  Hemedeiiii}/,  iUttttrated  in  the  coMtt  tjf  Fni 

OKi/  lioitf  rrfftr^rtirf/i/. 
<y /Vrf  /  Ita  J\ra/tttHtira,  motkt  of  Orfttrrtncr^  and  Orufih, — iMjviry  whrOter  Animai*  rrtrform 

fat. — Artitiriai  J*rotlwtinn  of  it. — AainuiU  both  eoUect  it  <md  nmit  it. — AcnumUatwit  of  it 

nay—A  Sitrvyemseti  Tittve. —  drndilioHM  tf  lAe  FalieKin<f  of  AhimaU.  ~~  SumtHonf  (fttid 

Sourott,  Ijf}Mmt,  tatd  mcotnrt  of'  Remwai  of  Fat, — It*  partial  Oxidations.- — Summary  of  ita 

t-^Ktm^—J^ntftmisa/  SMtrition. 
qf  Borne:  Thf  ^>ivitta».  —  Stmetmrt  and  Oumtcai  ComfMtititm  <fIione.  —  SomTeea  ofita  Com- 

atittmU, —  TV  J-VortM  o/"  Oinfifiratinm. — I^/KriiiKntM  on  (ho  Grovth  of  Sonc—'IiifliiaKt  rf 

/Hj/mval  A^tnts  on  iJcifciopmatt  uftd  Aofn'/wn. 

or  DECAY. 

The  aninia]  mechanism,  as  a  condition  of  its  activity,  is  constimtly 
gtrii^  rise  to  wasted  products,  its  parts  iri  eucrpssion  passing  „  ^  j 
throng  rctrofp^dc  mctnmorp!iosi3  or  df^yiy.  From  the  clab-  niciaiuorpiio. 
orate  organization  which  they  have  maintained,  they  go  by  *'*" 
degrees  through  a  descending  course,  whicli  brings  them  nearer  and 
nearer  to  tlie  inorganic  state.  Tims  the  liits,  foiling  from  one  step  to  an- 
other, finally  emerge  from  tlio  system  as  carbonic  acid  and  water,  and 
thus  tlie  complex  atom  of  protein  degenerates  into  those  substances  and 
ammonia. 

To  this  steady  wasting  away  we  offer  no  resistance.  Having  no  in- 
terior principle  of  conservation,  the  organism  delivers  itself  Lom  of  weight 
up  unresistingly,  and,  if  its  necessary  supplies  be  withheld,  'i»'«"»"oo.  • 
very  soon  succumbs.  The  experiments  of  Chossat  show  that,  taking  the 
mean  of  forty-eight  cases,  including  rabbits,  Guinea-pigs,  turtle-doves, 
pigeons,  hens,  and  crows,  tiie  Iwdy  loses  39.7  per  cent,  of  its  weight  be- 
fore death  by  starvation  ensues ;  that  mammals,  during  the  process  of 
inanition,  lose  daily  4.0  per  cent  of  their  weight;  and  birds,  as  indeed 
might  be  expected  from  their  higher  rale  of  respiration,  4.4  per  cent.  It 
follows,  therefore,  that  sacli  animals,  under  these  circumstances,  lose  one 
twenty-fourth  part  of  their  weight  per  diem  by  destniction  of  tissue,  a 
reaalt  wliich  corresponds  with  tliat  of  Sctmiidt's  cxj^eriments,  which  lead 
to  the  inference  that  the  daily  amount  of  properly-selected  foo<l  wliich  an 
aiumal  requires  must  amount  at  least  to  one  twenty-third  of  its  bodily 
Wright. 

That  the  functional  activity  of  a  part  implies  destruction  is  very  well 
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iUastrated  hy  tlio  grfldual  waste  of  the  maples  under  use  ;  that  nerrcis 
K*eeHii}-  of  activity  is  al^o  (Ifpeudeiit  on  oxidation  is  indicated  by  the 
repair.  nppcaranoc  of  alkaline  phosphates  in  the  urine     Gencnlir, 

tlic  more  active  tlic  function,  the  shorter  the  life  of  a  part ;  but  even  the 
hair,  the  loetli,  the  cuticle,  the  activity  of  which  is  very  low,  are  no  n- 
cepliuns,  for  they,  too,  have  a  limit  of  duration,  and  provisions  for  repair 
or  renewal.  Thus,  as  the  surface  of  the  cuticle  ahmdes,  it  is  restored b\' 
the  development  of  ncxv  cells  below,  and  their  gradual  drying  up  into 
scales ;  and  as  reganls  tho  tet;th,  the  second  set  arise,  as  it  may  be  Esid, 
firora  germs  which  have  been  left  by  the  first,  bo  that  when  the  ctowq  of 
tho  deciduous  tooth  dies,  and  its  fang  and  vascular  arrangement  ore  sIk 
sorl.cd,  the  new  tooth  is  ready  to  take  its  place. 

Sinco  it  is  not  merely  snjierficial  parts,  as  tho  Iiair,  tlic  teeth,  or  llic 
Int«nUUal  cuticic,  but  aUo  the  dci.]>-scatcd  or  interior  ones,  that  undergo 
detUu  these  changes,  the  appropriate  designation  of  interstitial  deaJh 
lias  been  introduced.  The  removal  of  the  efictc  material  is  accompIisK' 
ed  by  the  aid  of  tlic  blood,  which  occasions  partial  or  jicrfect  oxidation, 
willi  a  corresponding  liberation  of  Iieat,  and  tiicn,  dissoUing  tliC  prodncts 
that  have  arisen,  carries  them  away.  Wo  have  heretofore  discussed  tlic 
question  how  it  is  ttuit  this  osudizing  action  of  the  arterial  blood  is  lim- 
ited to  the  dying  parts,  and  hotv  those  which  arc  yet  capable  of  tokinga 
share  in  organization  arc  protected.  It  appears  to  me  timt  we  are  obliged 
Dcravdrpmd-  ^°  admit,  in  the  mechanism  of  living  beings,  those  peculiar 
rut  on  allfttrop-  conditions  which  both  simple  and  compound  bodies  mayu- 
sumc,  and  which  are  known  as  allotropic  states  in  chcmistij'* 
The  indifference  to  oxidation  wliich  carl»n,  under  the  form  of  diamond 
presents,  contrasts  strikingly  with  the  extreme  combustibility  of  lamp- 
black. The  ready  oxldibility  of  phosphorus,  which  causes  the  ahlmng 
from  wliich  it  has  ilerivcd  its  name,  is  no  longer  recognized  in  that  other 
phosphorus  whicli  has  been  acted  on  by  tlie  more  refrangible  rays  of  tho 
sun.  And  these  are  qualities  which  elementary  atoms  carry  with  them 
when  they  go  into  union  with  other  bodies,  as  is  %\*p11  displayed  by  tlw 
two  ili^tiiict  forma  of  i)hosphurcted  hydrogen  gas,  bodies  having  the 
same  composition,  but  the  one  »|M>ntnneously  eombustiblo  and  tlie  other 
not.  Some  reasons  have  also  been  otVercd  for  imputing  to  tlie  nervous 
system  a  control  over  these  allotropic  changes,  and  under  this  point  of 
view  we  must  regard  it  tm  having,  for  one  of  its  prime  duties,  the  Ha- 
lation of  decay.  These  conclusions  receive  weight  from  the  considera- 
tion tliat  in  plants,  in  the  economy  of  which  no  interstitial  deaths  arc 
taking  place,  no  nervous  system  is  found. 
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OF  NUTRmOM. 

Interstitial  death  and  retrograde  metamorphosis  imply  removal ;  but, 
l»eaides  the  rcmov;ds  oi' wasted  material,  ou  account  of  its  in-  N'uuiiion  for 
ability  to  be  any  longer  substirvient  to  the  uses  of  the  econ-  [J^'|*J[|  ^rn^ 
omy,  there  are  also  subordinate  removals,  which  are  con-  modeliag. 
nected  with  the  necessary  remodeling  of  parts.  Thus,  during  the  growth 
of  the  skeleton,  Lone  cartli  is  transferred  from  one  point  to  another,  tlie 
ta  cavities  enlarged  or  altered,  and  the  substance  taken  from  them 
IS  wirried  to  otlier  points  where  it  is  needed.  Under  sucli  ctrcunistanccs, 
the  disa]>pearing  jnirt  is  not,  iji  reality,  giving  rise  to  useless  products. 
The  substance  thus  taken  from  the  {)Osition  it  occupied  is  as  valuable  as 
it  ever  was,  and  accordingly  it  is  employed  over  again. 

The  restoration  of.  material  in  the  place  of  that  which  is  being  con- 
nuned  for  use,  and  even  the  preservation  of  excesses  which  may  be  of 
ralue  at  a  future  time,  is  very  well  illustrated  by  the  deposit  of  fat  in  the 
adipose  tissue.  Transference  from  jwlnt  to  i>oint  of  material  which  has 
undergone  no  deterioration  may  be  studied  in  the  liistory  of  the  growth 
and  development  of  bone.  To  these  coses  in  succession  I  propose  to 
direct  attention. 

I*^rst.  Of  the  use,  sources,  and  manner  of  deposit  of  the  fat. 

The  use  of  fat  in  the  animal  economy  doubtless  depends  on  its  heat- 
making  power ;  for,  though  there  arc  man}' ditferent  varieties  rni.vMoioKieai 
of  tliia  substance,  solid  and  Uquid,  they  are  all  characterized  "Jitwnsaf  fiit. 
by  an  analog}'  of  composition,  all  containing  a  great  excess  of  unoxidized 
hydrogen.  It  is,  indeed,  on  this  pecnlinrity  that  their  employment  in 
domestic  economy  depends.  Tlicy  arc  all  highly  combustible,  and  evolve 
so  ranch  heat  as  to  be  very  available  for  tlic  production  of  flame. 

Kor  the  better  understanding  of  the  functions  discharged  by  fatty  sub- 
stances, we  may  perhaps  protitaUy  ofl'cr  tiic  following  statement  of  their 
chemical  relations. 

When  a  fit  or  oil  is  acted  upon  by  an  alkali,  in  contact  with  water  at 
its  boiling-jKiint,  deconifwsition  ensues,  a  fatty  acid  and  gly-  (;.i,^,„i_j  _. 
ccfinc  btnng  disengaged,  and  the  acid,  uniting  with  the  alkali,  diiiaritiMof 
gives  origin  to  a  soap.  During  this  action  no  oxygen  is  ab- 
sorbed, but,  since  the  compounds  arising  present  an  increase  of  weight,  it 
is  evident  that  there  has  been  an  assimilation  of  water.  In  view  of  these 
iacts,  it  is  therefore  inferred  that  the  oils  and  fats  are  com]>oscd  of  a  fatty 
acid  united  with  the  oxide  of  a  radical,  to  whicli  the  designation  of  lipyl 
has  been  given,  and  which,  when  it  is  displaced,  combining  xvith  water, 
gives  origin  to  glycerine. 

Glycerine,  which  is  a  substance  of  considerable  physiological  import- 
ance, ia  a  pale  yellow  liquid,  of  a  sweetish  taste,  and  attracting  moisture 
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iToin  the  air.  If  ferinented  in  a  large  quantity  of  water  witli  yetst,  it  u 
converted  into  mctacetonic  acid.  It  occurs  in  tlic  yolk  of  the  tgg^  ud 
ftlao  in  tlic  iats  of  tlie  brain.  By  gradual  oxidation  it  can  give  riao  lu 
lactic  acid. 

TiiQ  pliyaical  properties  of  the  iats  depend,  for  the  most  part,  ou  tbc 
nature  of  their  acids.  The  fats  derived  from  animaU  arc  of  various  du- 
gTce»  of  conaistency  j  they  are  colorlcsa  or  white,  ii;j;iiter  than  u'ater,  W 
conductors  of  heat.  They  arc  insoluble  in  water,  and  bum,  in  the  pm^ 
encc  of  air,  into  carbonic  acid  and  water,  with  the  c%'oIutiou  of  much  heat. 
Uy  tlie  action  of  certain  nitnigenized  femienta  tlicy  may  be  separated  intu 
tlicir  acid  and  glycerine,  ond  by  the  action  of  pancreatic  juice,  as  «- 
plained  previously,  may  be  brought  into  the  condition  of  an  emnlskn 
The  more  important  of  the  animal  fats  ore  stcarine,  maiganne,  and  oleiBC; 
riftcMofoerar.  Thcy  are  inclosed  in  cells  accumolatcd  in  vairiotts  parts  of 
nnce  of  f&L  (Jiq  system,  such  OS  in  the  orbit  of  the  eye,  around  the  bent, 
and  among  the  muscles  of  the  face,  under  the  cutis,  and  within  the  bono. 
In  morbid  states  they  sometijucs  abound  in  the  kidneys,  liver,  and  spleeo. 
They  arc  also  discovered  in  some  of  the  animal  tluida :  thus  they  conunn* 
nicate  to  tlie  chyle  its  characteristic  property,  and  therefore  likewise  oc- 
cur in  the  blood.  In  their  relative  nnioimt  thcy  vary  at  dificrcnt  periods 
of  life,  being  in  a  larger  proportion  in  childhood,  and  again  after  the  mid- 
dle period.  Their  quantity  likewise  changes  with  physical  changes,  di- 
minishing, for  instance,  alter  continued  muscular  exertion,  and  also  hf 
long  exjwsuru  to  cold. 

Though  the  amount  of  fat  in  the  blood  varies  with  the  nature  of  the 
QMatitTuftai  f*^^  it  can  not,  however,  be  increased,  in  a  state  of  health, 
la  the  blood,  beyond  a  certain  point,  owing  to  the  inability  of  the  absorb- 
ents to  receive  more  than  a  definite  quantity.  The  serum  of  arterial  coo- 
tains  less  fat  than  the  scrum  of  venous  blood ;  the  blood  of  women  more 
than  that  of  men. 

The  manner  of  occuirencc  of  fat  in 
organised  structures  is  twofold :  oft- 
en it  occtu's  in  the  free  state,  but  also 
is  very  commonly  inclosed  in  the  in- 
terior of  cells,  as  shown  in  /'i*/.  107, 
which  is  a  fat-^cll,  a  being  the  adi- 
pose membrane,  and  £  the  nucleus. 
I^fj,  103,  adipose  and  areolar  tissue:  <^  a,  fat- 
ccUs  ;  ^,  0,  fibres  of  areolar  tissue. 

Respecting  the  origin  of  the  fat  substances  in 
Fats  «rian  from  plants  thcrc  Can  be  no  question.     Thoy 
Md^JeTil    "^  Jerivcd  from  the  decomposition  of    ^i'l^"^*^" 
tutoititf  ibwnto.  carbonic  acid  and  water  by  those  onranisms  under  the  in- 
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[cncc  of  the  rays  of  the  sun.  It  is  interesting  to  remark  that  to  these 
■me  binary  bodies  do  tlic  fats  return  after  accomplishing  t!ic  successive 
tftgtrs  of  thtir  metnmorj)]iosi3  in  the  economy  of  animals.  From  car- 
ionic  acid  and  water  they  come ;  to  carbonic  acid  and  water  they  return. 

Dut  the  origin  of  the  fatty  Buhstunees  of  animals  is  by  no  means  bo 
Icar.    One  of  llie  questions  which  Iiavc  been  debated  in  eliem-  j.  . 

eal  physiology  is.  Do  animnls  collect  from  their  food  all  the  roiiertorfab. 
ftt  they  require,  or  have  they  the  power  of  making  it  for  tliem-  ^'^*'*'^  '"^ 
eJvcB  f  in  the  preceding  chajiter,  under  the  description  of  the  origin  of 
be  butter  of  milk,  we  have,  in  part,  anticipated  the  facts  which  might 
lere  be  presented.  Referring,  therefore,  to  what  has  there  been  said,  it 
rill  be  fiufticicnt  now  to  admit  the  general  conclusion  that  tats  and  oils 
neT7  abundantly  occur  in  plants. 

.  But  instances  are  not  wanting  which  show  that  from  other  sources 
Bian  the  vegetable  kingdom,  and  by  processes  very  diiTercnt  to  those  ex- 
icnted  by  plants,  fats  may  be  made  ironi  substances  in  which  tliey  did 
lot  pre-exist.  We  select  some  of  lliese  whicli  liave  been  offered  by  chem- 
Bts  who  have  asserted  the  power  of  the  animal  system  for  such  a  form- 
Uion  of  fat. 

Ist.  When  an  nnim:d  body  is  buried  under  certain  circumstances,  it 
■oes  not  undergo  putrefaction,  but  changes  into  a  fatty  or  soapy 
nbetancc,  adipoclrc.  Attention  was  first  directed  to  this  fact  *rKa<x->  ofiu 
m  tb<^  occasion  of  exhimiing  many  bodies  from  the  cemetery  f*^'""**"- 
>f  Innocents  in  Paris.  Those  wlueh  lay  a  certain  depth  beneath  tjic 
^and  were  found  to  have  undergone  the  change  in  question;  but  that 
i  docs  not  altogctlicr  dejxind  on  the  condition  of  tlic  earth  of  the  grave, 
kB  respects  moisture  or  other  such  physical  state,  1  have  myself  liad  the 
^yportonity  of  verilNnng  in  tlie  ease  of  a  subject  whicli  liad  been  buried 
for  nineteen  years,  and  whicli  was  disinterred  in  a  condition  of  perfect 
■eaervation,  so  far  as  exterior  ap[)carancc  went,  bat  which  had  been 
rholly  converted  into  adipocirc.  Yet,  from  the  same  bm'yiug-groun<I, 
butny  other  Indies  were  disinterred,  but  none  had  undergone  a  like  change. 

2<L  When  nitric  acid  is  made  to  act  on  fibrin  apparently  deprived  of 
its  fat,  an  oily  substance  is  disengaged. 

3d.  Puring  the  action  of  nitric  acid  on  starch,  in  the  prcj^nration  of 
oxalic  acid,  a  like  effect  takes  place,  oily  matter  being  set  free. 

4tli.  ^Vs  lias  been  described  in  a  preceding  chapter,  butyric  acid  may  be 
prciiarcd  from  sugar,  through  the  intiuencc  of  casein,  in  the  presence  of 
Barl>onatc  of  lime. 

Thongh  the  conversion  of  albumenoid  bodies  into  fat  has  not  thus  far 
distinctly  accomplished  in  an  artificial  way,  no  doubt  p    »    ji     _# 
exist  that  it  is  possible.     Indeed,  the  experiments  of  bt  (VtMn  ilbD- 

;uain  and  Virchow  respecting  the  origin  of  adipocire  have  °'™*''* '»*^«*- 
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led  them  to  regard  it  as,  at  all  CTCtits  to  eome  extent,  arising  from  l!»c 
albuminous  coixstitucnts  of  tlie  mnsclcA  being  dccooipoAcd  into  latty  adds 
and  atnmoniocal  salts.  Wagner,  Donders,  Burdach,  ond  others  have  fv- 
nifilicd  many  interesting  experiments  on  the  apparent  tranamntation  uf 
various  bodies,  sueh  as  pieces  of  coagulated  albuineu»  crjrstallinu  Icnsrj, 
etc.,  in  the  abdominal  ca\ities  of  birds.  These  extroncotu  objects  altera 
time  become  enveloped  in,  and  in  some  easea  T>crraeatcd  bjr,  fatty  mate- 
rial. But  that  tliis  (!oej  not  arise  from  mctamorjiho^s  of  the  protein 
body  introdaccd  was  well  provetl  by  the  last  observer,  who  cmpliW 
pieces  of  ivood  and  the  pith  of  cider  with  the  Ranie  result 

Whatever,  therefore,  may  be  the  conclusion  arrived  at  on  the  cases 
Tlis  carniroTB  ^*^"^  introduced — ^whether,  during  a  Kpecial  mctamorpbons, 
HdJ  ffttintiirir  muscuIar  tii5BU0  can  pass  into  adi{>ocire ;  whether  from  lihrin 
or  starclt,  by  the  action  of  nitric  acid,  fats  may  be  made,  or 
whether  these  substances  pre-existed  in  the  material  from  which  tlier  ap- 
pear to  arise,  and  are  only  disengaged  or  set  free — thertj  can  be  no  (jnestioa 
as  regards  one  great  group  of  animals,  the  camivora,  that  they  iind  in  their 
food  a  sufficiency  of  these  hydrocarbons  to  meet  all  their  wants.  It  is 
03  respects  the  other  group,  the  herbivora,  tliat  this  question  of  the  arti* 
fieial  fonnation  of  tats  from  substances  in  whidi  they  did  not  prc-cxiat, 

n    ^   ,    ,,     and  particularly  from  albnmcnoid  bodies,  becomes  Interest- 
Do  Lha  liorliiv.  *  ,      ,'    ,  ■  <     i  •       i     •     ,*      i     n    i       <• 

or»  «rw  make  ing.     Do  the  herbivora  find  m  their  food  all  tlic  fat  they  re- 
"^  quire,  or  arc  they  obliged  to  fabricate  a  part? 

The  question  whether  there  exists  in  the  animal  mechanism  a  capaUl- 
Fonnation  of  ity  of  forming  fat  from  material  in  which  it  did  not  pre-exist 
Cu  by  beet,  jj^y  Ijq  considered  as  finally  settled  in  the  affirmative,  after 
much,  discussion,  by  tlie  repetition  of  GundL'laeh's  experiment  by  Uumas 
and  Milne  Kdwards.  This  experiment  consisted  in  the  feeding  of  bed 
witli  honey  nearly  free  firom  wax,  and  determining  the  quantity  of  fatta 
their  bodies  at  tiie  beginning  and  end  of  the  experiment,  and  also  tlie 
quantity  of  wax  in  the  comb  that  they  made.  The  following  table  giTtt 
the  result : 

Gnunnok 

Fat  found  in  ibe  body  of  each  Ivc  at  tlio  boginiunft 0.0019 

Wax  each  bee  cun<4uincil  with  Uia  honof,  not  exceeding r^ 0.0003 

Wliule  amount  uf  fut  derived  from  fuod .O.OOSS 

Wax  secreted  by  each  bcc 0.0064 

Fat  and  wax  in  the  bod/  of  each  bea  al  end  of  experiment. 0.0013 

From  which  it  appears  that  a  very  large  quantity  of  iat  and  wax  had 
been  proiluccd. 

Admitting  thus  that  tlic  animal  system  possesses  the  power  of  form- 
Tho  wrtttm  ^"^  ^''  ''  *^  probable  that,  under  all  circumstances,  it  carries 
eonUnuaii/  forward  tliat  function,  though  it  may  be  at  different  rates  on 
gcncraua  at.  jiffgy^nt  occasions.     Such  a  production  of  fat  probably  com- 
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nonces  in  tlie  iiitestinol  tulje,  the  material  from  wliicli  it  originates  Leing 
>Dtli  nitrogcuized  and  non>nitrogenizcd.  Thus,  when  ducks  have  been 
bd  on  albumen  containing  hut  little  iat,  the  digested  materiul  in  tlic  in- 
testine yields  a  larger  proportion  of  fat  than  when  they  have  been  fed  on 
iav»  or  even  on  starclu  lithe  glands  of  the  intestine  secreted  fut  from 
he  blood,  it  would  ho  detected  after  feeding  the  birds  with  clay,  and 
tence  wo  may  conclude  that  the  source  of  the  increase  observed  is  from 
he  albumen. 

But,  in  addition  to  the  part  they  thus  make,  a  large  portion  of  the  fat 
pf  aniinaU  is  undoubtedly  obtained  from  the  food.  Tliis  is  obviously  tlic 
BOkSC  with  carnivora,  and  the  same  may,  indeed,  be  said  of  the  Iicrbivora, 
BFcry  many  of  the  oleaginous  bodies  have  a  close  chemical  relationship 
lo  one  another,  so  that  they  may  he  regarded  as  atlbrding  a  series,  the 
terms  or  mcmljors  of  wliich  arise  from  successive  partial  oxidations; 
ind  since  the  tats  are  soluble  in  one  another,  tliey  freely  mix  together, 
kiid  tlierefore  many  of  them  may  be  found  co-existing  in  the  adipose  lis- 
IDcSf  some  of  them  less  and  some  of  them  more  advanced  in  their  prog- 
ieas  of  oxidation.  Whetlier  Ihey  have  been  derived  from  rinnw  furnish 
file  food  or  by  indirect  processes  made  in  tlio  system,  it  is  fat '"■  ii't  iu«to- 
tqually  true  m  lx>th  instances  that  their  primary  source  was  -whitli  itU 
in  the  vegetable  kingdom.  In  the  former  case  they  occur-  ^"'"'"' 
ted  in  the  plant-structure  as  hydrocarbons,  in  the  latter  as  amylaceous 
or  nifrogenized  bodies.  Under  tlio  influence  of  ihe  sunliglit  tlic  vegeta- 
ble tissues  obtain  Ihem  by  decomposing  carbonic  acid  and  water,  and  to 
those  two  substances  tliey  return  after  they  have  undci^oue  destruction 
in  the  animal  organs,  thus  jircscnting  a  significant  instance  of  the  alter- 
Ikftte  passage  of  atoms  from  the  inorganic  to  the  organic  state,  and  back 
•gain. 

Tito  primary  source  of  all  fut  substances  is  therefore  in  plants,  which 
ohtain  ihcm  from  the  decomposition  of  the  iiiorganie  constituents  of  the 
air.  The  excess  of  iiydrogcn  which  characterizes  this  gronp  of  bodies  in 
most  instances  is  undoubtedly  derived  irom  the  decomposition  of  water, 
«nd  this  explains  the  fact,  frequently  noticed,  that  the  development  of 
imcli  hydrocarbons  in  plants  is  often  accompanied  by  the  simultaneous 
Rppearance  of  acids,  for  tlie  hytlrogen  being  appropriated  by  the  former 
class,  tho  residiul  oxygen  gives  origin  to  acids  or  is  set  free. 

The  quantity  of  fatty  matter  formed  in  the  ordinary  articlcii  of  food 
Used  by  domestic  animals  seems  to  be  amply  auJhcient  to  Quntiivorfat 
meet  all  tlicir  wants.     If  a  calculation  l>e  made  of  tlic  amount  '?  ^'IV'"  "t^' 

_  OH-nt  IVT  ULI- 

of  snch  materials  consumed  by  cattle  during  the  process  of  mal*. 
^ttening,  it  will  be  ascertained  that  the  quantity  used  not  only  contains 
Bufficient  to  account  for  the  increase  of  weight,  but  also  furnishes  an  ara- 
supply  for  the  portion  which  is  destroyed  by  respiration.     Tiic  fata 
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thus  contained  in  plants  are  often  absorbed  with  but  little  nltcntion. 
Tlu:  fattening  of  cattlu  with  linsced-cokc  gives  rise  to  an  acciuuulalion 
in  tiieu*  adipose  tissues  of  an  oiljr  material  of  unusoal  iloidir^,  aail  it  ia 
a  matter  of  common  obser^'ation,  as  previously  mentioned,  that  when 
Btroug-smclliiig  oils  have  been  accidentally  used,  tlieir  flavor  will  be  tin- 
parted  to  the  secretion  of  the  mammary  gland. 

The  quantity  of  fat  in  articles  of  food  is  commonly  catimatod  br  ibe 
solvent  action  of  sulplmric  ctiier.  It  shoultl,  however,  be  umlerstooil 
that  we  can  not  with  correctness  regard  all  the  matters  extracted  bv  thxt 
menstruum  from  plants  as  fat. 

Thns,  cither  by  forming  or  by  collecting  from  the  food,  a  supply  of  fit 
Tho  accunialft*  is  obtained,  and  this  is  absorbed  by  the  lacteal  ^slcm  in  tiw 
quilrs  nuL-'*^  manner  olroady  described.  I!ut  where  fill  is  administered 
gniiiced  ttMim-.  in  exccss,  SO  tluit  large  qnantitie-s  of  it  arc  retained  in  tbo 
Byatcm,  a  proportionate  cell  formation  arises  for  the  purpose  of  affording 
it  a  receptacle.  The  walla  of  such  cells  arc  composed  of  nitrogcnind 
material,  and  herein  is  displayed  the  connection  between  tho  two  gniiips 
of  bodies,  tlic  albnmenoid  snbstancc  and  tlio  tats.  There  is  reason  ts 
suppose  that  wlion,  from  tho  food,  a  sufficient  quantity  of  nitrogcniznd 
material  for  thia  purpose  can  not  be  obtained,  resort  is  actually  had  to 
the  muscular  fibre  of  the  system  itself,  but  when  this  also  fails  tbe£u 
accumiilale-s  in  tin;  blood. 

In  the  nrtiticial  fattening  of  animttls,  the  indications  to  be  complied 
r.«n»r«l  rontii-  wllh  arc  very  obvious  :  They  are,  1st.  To  furnish  an  ahand- 
HucVmgdflL  '^^^  Bupply  of  oleaginous  material  in  the  food;  2d,  To  pre- 
liiisi*.  vent,  as  far  as  possible,  waste  by  oxidation. 

The  first  indication  is  satisfied  by  the  purposed  employment  of  oloag- 
inons  articles,  as,  for  instance,  tinsccd-cakc,  or  by  the  selection,  arooi^ 
ordinary  food  substances,  of  those  which,  like  Indian  com,  abonnd  in  oil 
It  13  to  be  remarked  that  the  increase  of  weight  of  an  animal  may  take 
place  in  two  ways :  1st.  By  adding  fat  to  the  deposit  in  the  adipose  tis- 
8ue3;  or,  2d,  Hy  development  of  the  muscles.  It  miglit  i^rhajw  Ijc  ad- 
missible to  8[>eak  of  the  former  as  adipose  fattening,  the  latter  as  albo- 
mcnizcd.  According  as  it  has  been  subjected  to  one  or  other  of  thees 
processes,  an  animal  will  be  very  differently  prepared  for  underling  se- 
vere exercise.  A  liorse  fed  with  Indian  corn  can  not,  under  those  cir- 
cumstances, maintain  liinisclf  as  well  as  if  ho  had  been  fed  on  oats.  In 
the  former  case  his  adipose  tissues  have  been  developed,  in  tho  latter  hi» 
muscular. 

The  second  indication  is  met  by  resorting  to  every  expedient  which 
can  restrain  the  action  of  the  respired  oxygen.  A  state  of  perf(?ct  quies- 
cence is  therefore  to  be  oljserved.  Muscular  movement  of  even,'  kind  in- 
crcasca  the  actiWty  of  respiration.     On  the  contrary,  rest  diminishes  it 
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,  in  addition  to  this  state  of  quiet  or  rest,  sleep  likewise  he  indulged  in, 
'■  object  U  still  more  perfectly  attained;  und  ii'a  high  temperature  be 
orted  tOf  since  this  checks  the  oxidation  needful  for  maintaining  tho 
f^stein  at  its  due  temperature,  this  also  diroinislics  tho  vaate  of  the  fut. 
Under  Bucli  circumstances,  where  every  thing  is  done  to  givo  a  snpply 
of  fat,  and  every  thing  to  prevent  its  consumption,  it  may  bo  caused  to 
accumulate  in  tlic  tissues  to  an  cxtxaordinory  amount.  But  Th^,]|„rafli,ce. 
tiud  very  soon  interferes  with  tho  action  of  the  hver,  one  of  <kI  in  Umt  opcr. 
lite  funcliona  of  which  we  have  seen  is  the  preparation  of  fat.  *^'""* 
ftnd  it  may  also  be  remarked  timt  many  of  the  diseases  of  that  organ, 
■pcciaUy  those  occurring  in  hot  climates,  meet  their  explanation  on  the 
principled  we  arc  here  inculcating,  the  state  of  rest  produced  by  lassitude, 
the  wami  and  therefore  expanded  air  that  is  breathed,  and  the  improixjr 
resort  to  olcaginons  articles  of  food. 

Inificw  of  the  preceding  facts,  it  may  therefore  be  concluded  that  the 
interior  source  &ora  whicli  tho  adipose  tissues  are  suppUcd  summa    of 
is  th&  ClL  contained  in  the  plasma  of  the  blm^d.  into  which  it  ibe  fourcct, 
been  poured  through  tlie  thoracic  duct,  or  otiienvlsc  ob-  ™s""an,iman. 
icd  from  the  digestion  of  food  in  the  small  intestine ;  and  ""  «>'  removal 
ice  the  bliwd-ccila  contitin  a  higher  percentage  of  oily  ma- 


than  the  plasma  (2.2  per  cent,  may  be  extracted  from  tliem  by  ether, 
as  a  pbosphorizcd  fut  or  glyccro-phosphoric  acid),  they  constitute 
iCMiToirs  of  supply  to  meet  the  exigencies  of  tlio  system,  there  being  a 
ry  relation  between  the  quantity  they  can  thus  retain  in  store 
quantity  contemporaneously  existing  in  the  plasma,  a  diminution 
ich  at  once  establishes  a  drain  upon  the  cells.     Thus  cliargcd  with 
hydrocarbons,  the  plasma  passes  wherever  there  arc  adipose  cell- 
fumishing  to  them  the  special  nutriment  tliey  reqtiire  for  tlieir 
ipmcnt  into  fat-ccUs,  the  wall  and  nucleus  of  which  are  derived  from 
iood,  or,  as  wo  Iiavc  mentioned,  in  certain  cases  actually  from  the 
;r  tisBuea.     The  amount  of  fat  which  can  thus  be  held  in  reserve 
ids  in  part  on  the  number  of  germs,  in  part  on  the  supply  of  fet 
the  digestive  organs,  and  in  part  on  the  supply  of  appropriate  ma- 
erial  tor  tlie  walls  and  nuclei. 

When  tins  fat  thus  stored  up  is  wanted,  tho  cell  wall  in  mouy  cases 
IdUqucecca  or  wastes  away,  surrendering  its  contents  back  to  the  plasma, 
Rit  |irobably  much  more  frequently  a  transudation  of  the  Jiydrocarbon 
ikes  place  through  it,  analogous  to  what  has  been  described  as  occur- 
ing  in  the  blood-cells  tl»^mselvcs.  TIiis  demand  npon  the  adipose  lis- 
nes  may  originate  for  many  reasons,  since  there  may  be  a  necessity  for 
It  in  the  accomplishment  of  the  various  histogcnetic  operations  going 
bni'ard,  or  for  those  of  retrograde  metamorphosis,  or  for  the  maintenance 
i  a  normal  stale  of  the  blood  as  respects  its  oleaginous  ingredient,  or  for 
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tlie  production  of  heat  by  immediate  itnd  jinal  oxidation  into  carbonic 
acid  and  wntcr. 

It  is  not  to  be  supposed,  however^  that  this  iinal  oxidation  into  car- 
Tuu  amUtaa  bonic  ncid  aiid  water  always  takes  place  at  once  or  abrupt- 
il""»*l»"iiio*  'y*  Kvcry  tiling  kUgwa  that  fats  p:is«  throiigli  succesiiw 
ty^um.  gradations  of  retrognide  raetAmorphosin,  perhaps  gradtuUr 

losing  by  oxidation  two  atoms  of  carbon  and  hydrogen ;  and,  iniM 
tJicrc  is  reason  to  believe  that,  on  special  occasions,  the  opposite  chan^ 
happen.  Thus  stearic  acid  may  arise  from  moigarie  acid  by  deojcidatioa. 
It  doeii  not  occur  to  any  considerable  extent  in  T^etablc  tbod,  lulling 
tJi'.is  far  been  only  found  in  cacao  butter. 

In  a  summary  of  tlie  mses  of  fatty  substances  may  be  mentioned  tb 
SmimarT'  nf  production  of  a  high  tempcratun?  by  oxidation  ;  tht^ir 
ihe  uvM  of  fat.  ij^  metamorphosis,  as  displayed  by  the  assistance  th. 
in  gastric  digestion ;  the  function  they  seem  to  discharge  in  cell  life, 
which  would  appear  to  I)e  important  if  it  l>c  tnie  that  tbe  nuclei  of  some 
coUa  are  composed  of  fat;  tlnir  relation  in  the  formation  of  bile,  and  tlrir 
probable  connection  with  the  production  of  ba>matin.  Among  their  phjs- 
ical  uses  may  be  mentioned  ti^c  equable  manner  in  which  they  propapito 
pressures  in  all  directions  when  they  are  in  the  liquid  slate,  as  is  oitcn 
the  case ;  the  manner  in  whicli  they  fdl  up  vacuities,  and  communicate  b 
roundness  and  solidity  to  tlic  system ;  their  low  conducting  power  « 
respects  heat,  which  enables  them  to  economize  the  warmth  of  the  body; 
their  diminishing  of  friction  among  moving  pali:^,  aa  in  the  case  of  the 
muscles;  and  that  they  discharge  some  highly  important  fimction  is 
respects  the  nervous  system  is  proved  by  the  manner  in  which  they 
uniformly  occur  in  tubular  nervous  tissue.  In  the  gein'ral  njelamorjJi- 
oaes  of  the  system  they  seem  to  take  an  im|K)rtiint  part.  This  mit 
be  inferred  from  the  fact  of  their  presence  wherever  ccdls  or  fibtrss  an: 
forming. 

From  what  has  been  said  resjjccting  the  connection  of  the  fats  nitli 
the  metamorphoses  of  the  system,  it  is  obviously  incorrect  to  regard  than 
as  constilutiug  a  purely  rcspiratorv'  clement. 

Conclusions  similar  to  tliose  which  have  been  stated  ro^pectlng  tlie 
Niitriiinn  «f  ^'^gGtal)lc  source  of  the  fats  might  also  be  arrived  at  as  ic- 
tho  niiTnt;rn-  gards  the  source  of  the  nitrttgeuized  constituents  of  the  sys- 
""■  teni.  These  Likewise  are  found  in  plants;  and  thus,  therefore, 
though  thii  camivoroiLi  aninial  may  be  said  to  be  nourished  by  the  car- 
cass on  which  it  fccils,  it  is  n  overt  he  le-ss  strictly  true  that  its  nuttiest 
material  is  all  from  the  ye<:retable  world. 


1 


The  repair  of  muscles,  of  nerves,  of  the  skin,  or  other  such  highly  or- 
ganized parts,  is  dependent  on  the  agency  of  cells.  Since  these  are  iin- 
distinguishablej  or  to  all  appearance  perfectly  alike,  it  becomes  o  matter 
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of  curious  inquiiy  how  they  sliouU  bo  able  to  occupy  Pxactly  the  plaoea 
and  discharge  with  precision  the  t'lmctions  of  those  which  tliey  are  re- 
placing? or,  in  the  case  of  grow'th  and  development,  why  they  should 
combine  so  as  to  take  on  a  determinate,  and,  as  it  were,  predestined  form? 
How  is  it  tlrnt  such  a  variety  of  structures  spring  up  from  the  same  orig- 
inal cell  1  How  is  it  that  the  two  halves  of  the  body  have  such  a  syin- 
metrical  conformation  in  a  majority  of  instances,  the  one  being  the  exact 
counterpart  of  tlie  other,  peculiarities  which  arc  often  continacd  even 
after  the  supervening  of  morbid  conditions,  as  shown  in  such  cases  as 
arc  kuown  by  the  term  of  symmetrical  diseases,  in  whidi  a  structural 
dianyc  afiirting  one  side  of  tlic  Iwdy  affects  also  tlic  corresponding  j>art 
of  the  other  side  ?  It  appears  to  mc  that  these  and  other  such  instances 
of  nutrition,  growth,  and  development  can  only  be  explained  by  admit- 
ting, as  a  great  and  fundamental  principle  in  physiolog)',  that  the  primoi"^ 
dial  germ  })cing  in  all  instances  alike,  its  mode  of  development  will  de- 
pend on  the  physical  agents  and  conditions  to  which  tt  is  exposed:  a 
principle  whicli,  tliough  it  may  seem  of  little  moment  at  the  first  view, 
carries  witii  il  consequences  of  the  utmost  iun>ortancc  at  last 

Second.  Of  the  structure  and  development  of  bone. 

Tlie  skeleton  in  man  is  composed  of  -4(5  bones,  which  are  usually  di- 
vided into  three  groups,  the  long,  flat,  and  irrcRular.     Their  „ 
uses  are  purely  raeclianieal,  such  us  to  give  Bup|K)rt  to  the 
soft  parts ;  to  serve  as  levers  on  which  tie  muscles,  by  their  contractions, 
may  act. 

In  structure  bone  offers  an  imperfect  division  into  the  compact  and 
spongy.  The  compact  is,  however,  a  poraus  mass  full  of  cells  structure  ot 
and  passages.  Through  it  there  jass,  mc>re  particularly  in  •'"""• 
the  lonmtudinal  direction,  cjinalsfbr  containinj;  blood-vessels  and  nerves: 
th^  are  called  liaversJan  canals.  These,  which  are  well  seen  in  a  thin 
transverse  section  of  bone  as  irregular  circular  openings,  are  surrounded 
with  lamclhr,  and  in  the  bnsia  substance  occur  hollow  spaces,  the  lacuna', 
whicli,  presenting  a  dark  asjifict,  were  formerly  mistaken  for  solid  corpus- 
cles; tlicy  arc,  however,  caviiiesfrom  which  proceed  minntc  channels  or 
canalicuii.  In  form  the  lacuna*  are  irregularly  oval ;  the  canaliculi  of 
those  nearest  to  the  haversian  canal  coinmunicatc  directly  with  its  cav- 
ity, and  there  is  so  complete  nn  inosculation  lictween  adjacent  lacunir, 
by  means  of  these  delicate  tubes,  that  the  whole  so-called  compact  struc- 
ture of  the  bone  may  be  said  to  present  a  connected  system  of  loeuiun 
and  canaliculi. 

The  diameter  of  these  delicate  channels  of  intercommunication  is  much 
too  small  to  permit  tho  passage  of  blood-cells,  yet  through  them  the 
plasma  readily  finds  its  way  and  thus  carries  forward  the  nutrition  of 
the  entire  boiie.  . 
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I^ig.  109  is  a  photograph  of  a  trans^-erse  Bcction  of  part  of  human  de- 
mur, showing  the  haversian  canals  surrounded  by  their  concentric  lamel- 
lie,  lacuna?,  and  canalicuU.  The  complete  perviousness  of  the  stmctorc 
is  demonstrated. 
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Fig.  110,  lacuna'  and  cannlicxUi  of  human  frontal  bone. 

In  chemical  constitution,  bone  may  be  considered  to  be  composed  of 

Chamlcal  ewn-  *^**  portions,  organic  and  mineral :   the  former  ift  gluten,  oqJ 

posIUonof        in  the  latter  phosphate  of  lime  greatly  predominates,  as  the 

following  analysis  by  Bcrzelins  shows : 

AnntyxU  of  liotie.     (fiorsefiiu.) 

CortilA^  (or  gluten) 8S.17 

BIood-TCAM:U 1.18 

FbM|ihatc  or  lime £1.04 

Carboiuitc  of  Itme 11.00 

Fiouritlo  of  t'aU'itim • 8.00 

Pho«ph*te  of  nm^caift , 1.1S 

Sodfti  cblorub  of  sodium • l.iW) 

100.00 

An  instructive  soparatinn  of  bone  into  its  leading  constitnents  nSyl 
Rrnantlonaf  accomplished  by  the  action  of  hydrochloric  acid  or  by  cal- 
itM-rganic  «nd  dilation  respectively.  "Wlicn  a  hone  is  soaked  in  dilate  hy- 
t-wriiv  UM.  (Jrochloric  acid  for  a  due  length  of  time,  its  mineral  constitu- 
ent is  removed,  and  the  organic  gluten  is  left  in  the  shape  of  the  ori^nal 
bone ;  or,  if  the  bone  be  calcined  in  the  open  tire  witli  free  access  of  wi, 
the  organic  material  is  consumed  and  the  mineral  material  remains.  A 
nntre  critical  examination  shows  that  tlicsc  constiments  are  not  mcrdy 
associated  together — they  are^  in  reality,  chemically  combined. 

The  different  degrees  of  softness  and  Iiardncsa  which  bones  fri>in  dif- 
ferent auinials  present  depend  very  considerably  on  the  amount  of  wa- 
ter they  contain.     The  gluten  is  doubtless,  in  all  iiustances,  derived  from 
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melamorphosis  of  albnnicnoid  lioilics,  a  conclusion  which  ^  .  .  .  , 
well  illustrated  by  what  we  observe  iu  the  case  ot"  the  in-  organit  unA 
.bating  egg.  In  the.  adult  llie  source  of  the  bone-earth  is  ^"''''^  ""'^**'"' 
ofohl:  in  part  it  is  derived  from  the  food,  and  in  part  obtained  from 
c  remodeling  and  changes  of  the  bones  themselves.  In  S|jeakirig  of 
ic  composition  of  milk,  wc  have  already  described  how,  through  the  ca- 
sein of  tliat  secretion,  a  supply  of  pliosphate  of  lime  is  secured  for  in- 
Ij&nt  life. 

At  its  tirst  formation,  bone  consists  of  a  gelatinons  material,  which  grad- 
Bally  becomes  condensed  and  cellular,  presenting  what  is  termed  the  carti- 
Bginous  state.  In  this  material  vascular  cimals  arise,  which,  jy,^  ,,nK*w>  of 
Bonccntrating  toward  one  spot,  give  origin  to  the  point  or  fMiiinuwn. 
jentTD  of  ossiHcation.  Simultaneously,  the  structure  of  the  cartilage  be- 
iomes  modified,  its  nucleated  cells  are  elongated,  nucleoli  arising,  and 
Snaller  cells  forming.  These  reach  maturity,  and  are  separated  fi-om 
jne  another  by  the  material  derived  from  the  deliquescence  of  their  pa- 
icnt  celU,  which  has  simultaneously  been  taking  place.  The  progress  of 
these  changes  may  be  studied  by  examinmg  the  calcifying  cartilage  near- 
sr  and  nearer  to  the  point  of  ossification,  to  which,  as  wc  approach,  wo 
ind  that  the  cells  become  more  and  morc  numerous,  a  general  arrange- 
jient  into  a  columnar  fonu  being  now  apparent. 

The  deposit  of  mineral  material  commences  at  the  point  of  ossification, 
ind  proceeds  between  the  columnar  arrangement  of  cells,  lateral  bronch- 
B8  between  the  individual  cells  lx;ing  successively  given  off,  a  bony  net- 
work thus  arising  which  is  pervious  in  every  part.  In  tlie  human  em- 
))ryo  the  cartilaginous  stage  is  completed  in  tlic  sixth  week,  and  ossiH- 
Bation  commences  first  in  tlic  cla\ncle  during  the  seventh, 

J^iff.  111^  perpendicular  section  of  the  ossifying 
border  of  the  shaft  of  the  femur  of  a  child  a  fortnight 
old:  «,  cartilage  in  whidi  the  cells,  the  nearer  they 
arc  to  the  ossifying  border,  are  in  moro  extended 
longitudinal  rows;  ^,  ossitying  border:  tlie  dark 
streaks  indicate  the  progressive  ossification  of  the 
intercellular  subgtancc,  the  dear  ones  the  cartilage 
cells,  which  ossify  subsequently;  r,  compact  layer 
of  bone  near  tlu3  ossitying  border;  (I.  the  substantia 
spongiosa  formed  in  the  osseous  substance  by  ab- 
sorption, with  cancclli,  f,  t;,  the  contents  of  whidi  are 
nut  shown.     (Kollikcr.) 

I^iff.  112,  photograph  of  ossifying  cartilage,  the 
dark  jiortions  showing  the  region  of  complete  ossifi- 
cation.    The  columnar  arrangement  of  the  cartilage 
ellfl  is  very  apparent 
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OmlTylm^  cKnn&gv,  tBcgnlflad  30  dUiuctf«> 

Fiff.  113»  femur  of  a  child  a  fortnij2;lit  oIJ,  natu- 
ral size :  17,  substantia  coTn|>acta  of  tbe  shaft ;  6, 
tnedullnry  ca\'ity;  r,  substantia  spongiosa  of  the 
shaft ;  (/,  cartiinginous  cjiiphysis,  witli  vascular  ca- 
nals; 0^  osseous  nucleus  in  the  tiiferlor  cpipliysis. 
(Kollifcpr.) 

When  silver  rings  are  placed  upon  tlie  shaft  of 
Growth  nf  a  growinry  bone  at  a  measured  dis- 
i3wrioB°iui"a  ^^'"^  subsequent  examination  shows 
nuddcr.  that  tliat  distance  still  remains  the 

Bune,  though  the  Xmne  may  hare  become  much 
longer.  If  such  a  ring !«  permitted  to  remain  a  snf^cicnt  period  of  tine. 
it  will  eventually  be  found  in  tha  interior  of  the  bone.  When  moiMer 
13  mixed  with  tlic  food  of  pigs,  its  coloring  matter  so  unites  with  the 
phosphate  of  lime  of  their  bones  as  to  impiut  to  them  a  red  tint.  If  the 
animal  submitted  to  the  ex]wriment  be  very  young,  the  whole  skeleton 
may  be  tinged  in  a  single  day,  a  more  close  examination  showing,  how- 
ever, as  might  be  expected,  that  the  portion  most  completely  acted  upon 
U  that  ncai'cst  to  the  va.«cu]nr  surface.  In  older  animals  the  coloring 
goes  on  more  slowly;  the  portion  which  shows  the  effect  most  striking- 
ly is  Ijctwcen  the  shaft  and  extremities,  more  particularly  upon  the  sur- 
face. If  the  madder  be  given  jwriodically  and  then  withheld,  alternate 
layers  of  a  red  and  white  Hp|>aarancc  are  produced. 

From  these  experiments,  it  may  Iks  inferred  that  the  growth  of  a  bone 
Condwioni  is  not  uniform  in  all  parts.  Young  bones  grow  chiefly  toward 
•BSTcjfperi-  ^^^  extremities ;  nor  is  the  growth  cumulative,  the  porta  al- 
menu.  ready  doj)08itcd  being  ever  after  preserved ;  for,  if  that  were 

the  case,  it  would  not  be  possible  for  a  ring  placed  in  such  a  manner  as 
has  been  described  to  find  its  way  into  the  medullary  canal.     Kor  that  to 
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r,  tliere  must  have  Lecn  an  abBorption  or  removal  of  the  pre-existing 
.  The  liiigiiig  bv  madder  shows  that  growth  is  taking  place  wher- 
tbe  plasma  of  the  bluotl  can  luivc  access,  and  this  nut  alone  upon 
e  projKjr  vascular  suriaccs,  but  also  inlcrstilially. 
It  thus  Appears  tliai  bone,  solid  and  dense  as  it  is,  is  the  seat  of  con- 
tinual changes,  which,  though  they  may  go  on  with  more  activity  in  the 
■growing  state,  take  place  also  when  the  structure  has  reached  maturity 
or  apparent  jwrfcctioii.  IVom  one  portion  a  piu-t  is  removed,  on  another 
oJtlititins  arc  made,  the  method  by  which  this  is  accomplished  being 
■through  the  access  of  the  blood-plasma,  which  &nds  its  way  to  every 
part  l>y  reason  of  the  pennons  structure  of  the  mass. 

As  to  tiic  sources  from  which  the  phosphate  of  lime  is  derived,  though 
■doubtless  the  food  offers  it  in  considerable  nnantity,  there  are  „ 

r  -.,.      .  ,  ,.».,  .  ,.,     Souncci  from 

many  reasons  lor  interring  that  the  identical  portion  which  wtikfiraaierUI 
iiaa  been  removed  from  one  part  is  used  for  the  extension  "  '^''""•^* 

■of  anotlior;  and  tlins  wc  may  say  that  there  is  a  plastic  operation  con- 
tinually going  forward,  a  rcmodelmg,  so  as  to  adapt  the  structure  to  its 
jicw  conditions  if  in  a  growing  animal,  or  to  maintain  it  in  good  repair 
[f  in  an  adult. 

Turning  from  the  two  cases  with  wliich  we  have  been  thus  occupied, 
ihc  development  and  maintenance  of  the  adipose  ajid  osseous  tissues,  to 
Ihc  phenomena  of  nutrition  generally,  wo  may  conclude  that  tlierc  are 
peveral  sources  from  wliieii  material  for  tlicsc  purposes  may  be  derived: 
ft  jMirt  may  be  obtained  by  absorption  directly  from  the  food ;  a  part  may 
be  manufactured  or  fabricated  in  the  system  itself,  or  may  be  taken  from 
pome  locality  therein  in  which  it  has  become  redundant  or  useless,  and 
Iransferrcd  elsewhere  to  the  |>ouit  at  which  it  Is  required. 

The  roediura  through  whicli  these  additions  and  cxcliangcs  for  the  pur- 

Knie  of  development  or  remodeling  are  accomplished  is  of  course  tlic 

|Ht>od.      It  bears  with  it,  wherever  it  circulates,  the  substances  tliat  are 

■demanded — fibrin  for  muscles,  bonc-carlh  for  the  skeleton,  fat  for  the  ad- 

iipose  tissues. 

It  remains  for  U3  to  inquire  into  the  laws  of  deposit  and  development 
involved  in  these  processes,  that  is  to  say,  why,  for  example,  p  ^,        j 
|s  phosphate  of  lime  laid  down  at  the  points  where  the  phos-  v«-ioii(-ri  and 
phate  of  lime  has  been,  or,  if  growth  be  taking  place,  why  [hc'^,tiBcnM 
are  the  accretions  aiTanged  in  a  definite  way  both  as  respects  of  i.bvsioU 
size  and  shape  ?     Upon  this  inquiry  I  do  not  pro^iosc  at  pres- 
ent to  enter,  since  it  Is  closely  connected  with  the  general  doctrine  of  de- 
velopment, which  will  have  to  be  considered  in  detail  in  the  next  book. 

pVe  shall  then  find  (hat  reasons  may  lie  assigned  for  the  deposit  of  given 
substances  in  places  that  have  been  vacated  hy  others  of  ihc  same  kind, 

_*s  in  the  nutrition  d'mafcles.     ^^'c  shall  also  then  have  to  consider  the 
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laws  of  development  from  a  much  raoro  extensive  jioint  of  view,  intro- 
ducing the  doctrine  of  the  paramount  tntlucncc  of  physical  Cttiiscs  inihia 
respect,  and  perha{>8  vc  s^liall  find  ourselves  brought  to  the  conclusioD 
lliat  the  pro^asive  care*;r  of  a  ccU  is  ahaohitcly  dependent  on  the  (ilirs- 
ical  conditions  to  wliich  it  is  exposed^  and  tliat  there  is  uothiiig  extnor- 
dinar)'  in  the  circunislimcc  that  two  cells  placed  under  conditions  which 
arc  alike  will  develop  alike :  that,  therefore,  a  part  which  is  being  repiintl 
will  have  its  additions  made  iu  the  same  places,  of  the  same  materiiLto 
the  same  extent,  r.nd  of  the  soiuc  form  as  the  part  which  has  been  n- 
moved. 


CHAPTER  XIV. 
OF  TUB  SEBVOUS  SYSTE3L 

DivMMf  y  Me  AWvon*  Sjirttm.—CenbrthipmaimJ  Sympathetic.— Fibrma  tmd  Vuieabr. 

Stnetun  aaJ  Fmu-tiou  ^iVerrc  Fibre*. — OaUry»lai and  Omtri/mflit.—Rat*  t^  CWAKfiifijL 

Anaiamcal  ExtUKtaatioH  qflh*  Stmettm  and  FuHttiona  o/Xffvt  VttieJtt, —  TTtfjf  Sffvm  Itf^ 
moH,  an  Maifasiftea  of'  Farrf. — Kirmmt  of  Time  imtTothirrd  hy  Rt^ttarmj  UanyHa, — Oaik- 
tiom  necemurj  to  A'crre  Avtinty. — SertMity  of  ftfjMtir  nod  lUst. — EiKtrirai  JCramiamUm  tf 
ikt  f\metions  of  Veticif*, — Ani/omicai  imd  Elnrtricttl  KsiumaatumM  aym. 

Atdomatie  A'ctm  Arc — OttkUedSem  Atv. — Uuliiftk  Are*. — Qommitmtt. — Ragiattrwj  Sir* 
ArtB. — Sauortum. — ft\ftmeHtiat  A  re 

SuffyextioHx  deruxdjivm  certbral  Htnuiar^  rz^ttrtintj  the  SinJ. — /**  iadependait  Siiitemct  vd 
Itiuuortalitjf. 

JdtOM  of  1^ine  ant]  S/vw. — Ofijtrtiiyf  m^jertirt^  and  iitipersonal  Operatiom». —  VetOiifea  ^1»- 
jtrtMxioiu  and  Uictr  litirrprttatiun. — /  uttfe  !^at%rt  of  Kitoticd</c. — Menttd  Fmotiam*. 

The  ports  and  functions  which  have  been  thtis  far  described  stand  in 
Imporuixw  of  *^^"J"i"^'on  to  the  important  system  on  the  study  of  wbidi 
thoocrroM  WO  now  enti^r.  It  may  be  truly  said  that  the  position  of  any 
^f***"^  animal  in  the  scale  of  life  is  directly  dependent  on  the  de- 

gree of  development  of  its  nervous  system.  Tlirough  this  it  is  brouglit 
in  relation  with  the  external  world,  deriving  sensations  or  impressioiu 
tlicrcfrom  ;  through  this,  also,  all  voluntary  niuscolftr  contraction  takes 
place.  Whatever  the  grade  of  intelligence  tnay  be,  the  degree  of  dei-el- 
opment  or  expansion  of  tiie  nervous  system  is  in  close  correspondcDOC 
thereto,  from  the  lowest  conditions  in  which  it  is  first  making  its  a]^icaff- 
anoe  in  tribes  which  are  scarcely  distinguishable  from  vegetable  forms, 
u])  to  its  highest  elaboration  in  the  ccrebro-spinal  system  of  man. 

The  physiologist  has  to  confess  lliat  in  this,  which  is,  without  doubt, 
Imiwrfrct  wm-  ^^^  ""^^'  imi)ortant  part  of  his  science,  the  amount  of  what  is 
dilion  of  iho  kno\Tn  with  exactness  is  limited  :  indeed,  so  great  an  obscu- 
mi iject.  j^jy.  Tcsi»  upon  the  functions  of  tl»c  nervous  system  tliat  he 

has  to  content  himself  rather  with  the  description  of  structure  than  offer 
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Oie  explanation  of  action.  Yet  even  now  a  few  leading  facts  have  been 
ildpimine'l,  which  foreslmtlow  llie  attitude  in  which  the  whole  subject 
will  stand  when  it  comes  to  be  better  understood.  Among  tbeae  may 
lennmbcrcd  the  localization  of  special  functions  in  special  parts  of  the 
ncrrous  centres,  as  was  obaervcd  by  Gall ;  the  double  office  of  the  spinal 
nffves,  lirst  rccognize<l  bj*  Bell,  tJiat  tlieir  anterior  roots  arc  motor  and 
posterior  senson* ;  the  conversion  of  impressions  made  at  the  periphery 
iato  motions,  reflex  action,  as  it  lias  been  termed,  6rst  clearly  recognized 
lyUall ;  the  relation  of  the  ganglia  at  the  base  of  tlie  brain  to  the  cero- 
bnm  and  the  spinal  cord,  as  shown  by  Car|)cnter;  and  particularly  the 
condition  on  wliich  the  activity  of  the  entire  system  depends, 
it  nndergoea  oxidation  or  waste,  and,  among  other  products,  gives 
origin  to  salts  of  phosphoric  acid. 

For  the  sake  of  convenicneo  of  description,  tho  nervous  system  is  usu- 
iflr  irganlcd  as  consisting  of  two  portions,  the  cercbro-spi-  division  of  tho 
]ul  and  symj5Bthctic.     The  former  is  composed  of  the  spi-  iitrTou»»y»iem 
pul  cord,  the  brain,  tho  nerves  proceeding  from  them,  and  ,pinai  «n'i 
leir  ganglia;  the  sj-mpalhrtic  is  composed  of  a  series  of  "ympsOicUc 

igliA,  nnited  by  intercommunicating  threads  on  each  aide  of  the  ver- 
thnd  column,  and  supplying  brandies  to  the  coats  of  the  blood-vessels 
ad  viscera  of  the  great  cavities.  Both  portions  contain  two  kinds  of 
tructure,  n  fibrous  and  a  vesicular.     The  latter  is  found  in  „,  , 

'  fliiroQjt  and 

vahoos  sittintions;  the  former  serves  to  connect  those  mass-  vci.icttinr^tni«- 
ea  with  one  another,  or  to  fiirnisfh  means  of  communication  *"*' 
firom  point  to  point ;  the  office  of  the  ganglia,  or  nervous  centres,  is  for 
l[»c  reception  of  impressions  and  tho  origination  of  motions.  In  the 
brain  the  impressions  of  external  circumstances  are,  as  it  were,  registered, 
and  from  it  originate  the  processes  of  intellection. 

The  study  of  this  portion  of  the  mcchimism  of  man  brings  us  therefore 
in  cotitact  with  metaphysical  science,  and  some  of  its  funda-  ^  .  . 
mental  dogmas  we  have  to  consider.  Nearly  all  philoso-  inci«(.hyitica 
piicrs  who  have  cultivated,  in  recent  limes,  that  branch  of  i'"*^**<'f'''J'- 
knowledge,  have  viewed  with  apprehension  tho  rapid  advances  of  physi- 
ology, foreseeing  that  it  would  attempt  the  final  solntion  of  problems 
which  liavo  exercised  the  ingenuity  of  the  last  twenty  centuries,  fu 
thia  thoy  arc  not  mistaken.     Certainly  it  is  desirable  that  some  new 

•':od  should  be  introdnced,  which  may  give  point  and  precision  to 
itTcr  metaphysical  truths  exist,  and  enable  ua  to  distinguish,  scpa- 
ntc,  and  dismiss  what  are  only  vain  and  empty  speculations. 

So  Ikr  from  philosojdiy  being  a  forbidden  domain  to  the  physiologist, 
it  may  be  owcrted  that  the  time  has  now  come  when  no  one  is  entitled 
to  express  an  opinion  in  philosophy,  except  he  has  first  studied  physiol- 
ogy.    It  liaa  hiihcrfo  been  to  the  detriment  of  truth  that  these  processes 


260 


RELATIONS  OF  rHTSIOLOOT  TO  METArilTSICS. 


of  positive  investigation  have  been  repudiated.  If  from  the  constniclion 
of  liic  Iiuman  hrain  wc  may  demonstrate  the  existence  of  a  soul,  i^  noi 
that  a  gtiin?  for  there  ore  many  who  arc  open  to  arguments  of  Ibis 
class,  on  wliom  speculative  reasoning  or  a  incrc  dictum  fall  without  any 
wciglit.  y^hy  should  wo  cast  aside  the  solid  facts  prcsontcd  to  Vi  by 
niBtciial  objects  t  In  his  communications  tlirooghout  the  universe  willi 
us,  God  ever  materializes.  lie  equally  speaks  to  us  through  the  thoti' 
sands  of  graecftU  organic  forms  which  are  scattered  in  profusion  ovcrtiie 
surface  of  the  earth,  and  tlirough  the  motions  and  appearances  prescotol 
by  the  celestial  orbs.  Our  noblest  and  clearest  conceptions  of  his  attri- 
butes liave  been  obtained  from  these  material  things.  I  am  pcnmaileil 
that  the  only  possible  route  to  truth  in  mental  philosophy  is  througli  a 
study  of  llie  nervous  mechanism.  The  cxpericnco  of  2500  years,  and 
the  writings  of  the  great  molnpliysical  intellects,  attest  with  a  inelandwlr 
cmpliusis  tltti  vanity  of  all  other  means. 

Whato^xr  may  bo  said  by  sixjculative  philosophers  to  the  contmr, 
tlic  advancement  of  metaphysics  is  llirongh  tlie  study  of  physiologT. 
AVhnt  sort  of  a  science  would  optics  Imvc  been  among  men  who  had  p4ir- 
posely  put  out  their  own  eyes  ?  What  would  have  been  the  progress  ol* 
astronomy  among  those  who  disdained  to  look  at  tlie  heavens  t  Yet  tliAt 
is  the  pa'postcrous  course  wluch  has  been  followed  by  the  so-called  pliJ- 
losophers.  They  liavo  given  us  imposing  doctrines  of  the  nature  md 
attributes  of  itie  mind,  in  absolute  ignoranco  of  its  material  substratum. 
Of  the  great  authors  who  iiavc  thus  succeeded  one  another  in  epheroaal 
celebrity,  how  many  made  themselves  acquainted  with  the  structure  of 
liie  human  brain  ?  Doubtless  some  had  been  so  unfortunate  as  never  to 
sec  one !  yet  that  wonderful  organ  was  the  basis  of  all  their  specolatioxis. 
In  voluntarily  isolating  themselves  from  every  solid  fact  which  miglit 
8cr%'C  to  be  a  landmark  to  them,  they  may  be  truly  said  to  ha^-e  sailed 
upon  a  shoreless  sea  from  which  tlio  fog  never  lifts.  The  only  (ad  whidi 
they  (each  ua  with  certainty  is  that  they  know  nothing  with  certainty. 
It  is  the  inherent  difliculty  of  tlicir  method  that  it  must  lead  to  unsub- 
stantial results.  What  is  not  founded  on  a  material  substratum  is  nce- 
cssarily  a  castle  in  the  air. 

Returning  now  to  the  general  description  of  tho  nervous  mechanism, 
and  following  the  division  above  indicated,  wc  shall  consider,  firet,  the 
fibrous  clement  of  tlic  nenous  system,  and,  second,  the  vehicular. 

First.  Of  the  fibrous  there  are  two  varieties,  one  belonging  to  tlie 
Kihruus  or  tn-  cercbro-spiual,  and  the  other  lo  tlie  sympathetic.  The  for- 
tuiar  pariiun.  mcr  may  be  described  us  a  delicate  membranous  tube  contain- 
ing a  semi-fluid  material,  and  presenting  under  the  microscope  a  pellucid 
glaasy  appearance  when  examined  in  the  recent  state ;  a  spontaneous 
^paration  or  partition,  liowevcr,  soon  cnsucd,  a  white  matmai  or  mcdul- 
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[  la  appearing  inimcdialcly  witliin  tiic  nicmbranous  tul)C,  and  affording  a 
Dlrast  10  the  portions  which  arc  toward  the  t:<:ntre  or  axis.     In  tliia 
ate  the  ncne-tube  presents  tlie  appearance  ot*  parallel  lines  toward  its 
pcjipheT)-,  the  outer  one  corresponding  to  the  membranous  Jtftnt.mnr, 
sheath,  and  the  inner  to  the  internal  limit  of  the  coamJalcd  *'■''"''"'"""'« 

^?  pf  Sclin-Atiii, 

material.  In  this  condition  thu  tube  is  very  prone  to  as-  axU  lyiimkr. 
gumc  a  beaded  appearance,  cither  by  the  influence  of  pressure,  or  even 
spontaneously.  Names  have  been  given  to  distinguish  these  parts  from 
each  other ;  the  central  grayish  portion  is  called  the  axis  cylinder  or  axis 
band,  bincc  it  may  be  of  a  flattened  sliajH! ;  and  the  material  which  sur- 
roonda  it,  intervening  lx>t\veen  it  and  the  raernbrannus  investment,  is  des- 
ignated the  medulla  or  white  substonce  of  Schwann.  Tlierc  am  be  no 
doubt  that  the  membranous  tube,  tlic  white  substance,  and  the  axis  cyl- 
inder discharge  ditTcrcnt  physiological  functions.  In  clicmical  composi- 
tion they  also  diifcr :  tlie  tube  li  a  nitrogenized  structure,  the  while  sub- 
stance oleaginous,  and  the  axis  cylijider  is  supposed  to  be  nitrogenized 
also.  In  the  first  development,  the  axis  cylinder  is  first  formed,  and  the 
white  substance  then  cast  round  it. 

Ifaportion  of  ancrve,  a, /Vj/.  114,  be  placed 
in  concentrated  accttc  acid,tho  axis  cylintleis  of 
its  included  tubes  will,  in  the  course  of  a  day 
Ajri.eriiiid«  of  B«vi£  or  two,  be  seen  protruding  in  a  brush-like  fonn, 
as  at  bi  the  effect  being  very  well  shown  when  the  nerve  is  sufTiciently 
slender  to  bo  subsequently  examined  by  the  microscope. 

The  nerve  fibres  ran  in  a  direct  course  to  their  point  of  distribution* 
Of  their  manner  of  tennination  we  shall  s]}eak  subseijuenlly ;  T^.„nj„„j 
here,  however,  it  m:»y  be  remarked,  that  occasionally  they  ex-  brnnchiniet  of 
hibit  preparatory  terminal  branchings,  as  shown  in  /^/y.  11^,  °*"*  "*'" 
p.  262,  observed  by  KoUikcr  in  the  case  of  the  frog:  a,  a  being  bifurca- 
tions, ff  a  trifnrcation  of  a  small  ttvig  from  tlic  cutaneous  thornric  muscle. 
Similar  sulxlivisionsofthe  ultimate  ramifications  have  been  noticed  in  the 
amphioxus,  fishes,  insects,  and  it  is  certain  that  they  also  occur  in  man. 
The  slieath  of  the  nerve  fibres  is  an  clastic  membrane,  which  is  nei- 
ther acted  on  by  dilute  alkalies  nor  by  boiling,  but  is  solu-  riiwnicai  rwo- 
ble  in  concentrated  .icetic  acid  and  strong  solutions  of  pot-  ™woriicrTo 
ash  and  soda.  By  nitric  acid  it  is  stained  yellow,  and,  though  ubru. 
not  identical  with  clastic  tissue,  has  a  certain  resemblance  thereto,  ap- 
proaching, however,  more  neju-ly  to  a  protein  substance.  The  axb  eyl* 
indcr  is,  as  is  shown  by  its  behavior  ivith  reagents,  a  protein  substance, 
differing,  howevcT,  from  syntonin  and  also  from  blood  fibrin.  From  tlio 
latter  substance  it  is  distinguished  both  by  the  difficulty  with  which  it 
dissolves  in  acetic  acid  and  in  a  solution  of  nitre,  &om  the  former  by  ita 
insolubihty  in  hydrochloric  acid. 
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Sobdlrlitoa  af  Mm  fibiw  In  tb*  ttng,  raacntAtid  S5a  dUwtitfc 

Of  such  fibres,  aiTjinged  parallel  to  each  other  in  bundle*,  the  bnn^ 
imilctl  by  fibro-celhilar  tissue,  nerves  arc  coni[K>scd,  the  tissue  not  only 
Bccouiplishing  that  mechanical  object,  but  also  affording  a  nidus  for  blood- 
vessels, whicli  run  in  a  courBe  parallel  to  the  ncr^'C  fibres.  Though  vc 
Fom  nn'l  tht  have  Bpoken  of  those  Hbres  as  cylinders,  they,  in  reality,  oj>- 
ofniirvB  ribnj*.  proach  more  nearly  to  the  tigm-e  of  acute  cones,  since,  thot^b 

their  diameter  is  from  the  i^iVt  ''^  *'*°  ToUTi  °^  *"  "'*^^*  ^"  ^^^  tieive 
trunks,  they  diminish  to  ihe-j-j^y^or  the-j^^J^^of  an  inch  as  tboy  readi 
the  nerve  centres,  and,  in  tlie  same  maimer,  their  diameter  becomes  less 
4s  they  branch  off  in  their  jieriphcral  distribution.  In  tho  bruin,  as  they 
pass  through  the  medulhi  to  the  cortical  jjart,  they  e^iibit  a  similar  dim- 
inution. 

The  sympathetic  fibres  differ  from  the  preceding  in  appearance.  Being 
rtmrarfcr  of  ^*  ^  ycllowisU-gray  color,  and  only  about  lialf  as  large,  they 
».vfiiF>atbotic  do  not  show  tlte  separnlion  into  an  axis  cylindcT  and  white 
»'!'"'*-  investment  after  death,  as  is  tlje  case  with  ccrcbro- spinal 

fibres ;  they  may  therefore  bo  regarded  as  being  more  homogeneous  in 
tlieir  construction,  or  possessing  a  constitution  like  that  of  tlm  other  kind 
of  fibres  when  they  undergo  diminution  ajid  approach  their  central  or 
pcripheml  termination.  Kvcn  in  the  Lcrebro- spinal  fibres  the  quantity 
of  white  substance  present  is  very  variable ;  the  retina,  the  olfactory  or- 
gan, and  the  Pacinian  corjmscles  furnish  instances  of  its  absence  The 
sympathetic,  gray,  or  gelatinous  fibres,  as  they  are  indifibrently  calledt 
contain  numy  nucleated  eorpusclcsT  which  may  be  rendered  very  distinct 
by  the  action  of  acetic  acid. 
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Ncrv-c  fibres  terminate  in  various  ways.     Their  ends  may  thin  out  and 
become  free,  or  they  may  forra  a  loop,  and  so  return  back  in  jj^^^^^  ^f 
tbe'u*  Gourirc.     Kaclk  nerve  runs  in  an  unbroken  line  iirom  its  unnititttiun  of 
origin  to  its  tcnnination,  but  bctwceu  tlic  adjacent  ones  in-  ""''''''^• 
Icrcommunication  is  established  by  the  formal  ion  of  plexuses.     On  the 
otiicr  haiul,  aa  tlic  fibres  arc  preparing  to  cuter  the  nervous  centres,  the 
membranous  tube  dibtes  so  aa  to  receive  a  nerve  veside,  jj^o,^,  ^f  n- 
with  wliieh  the  diaphanous  axis  cylinder  i.-*  thus  brought  in  «rptionofv«i- 
contnct.     Where  corpuscles  arc  received  into  the  moniljran-  "*"' 
oos  shealb,  it  is  not  always  certain  but  that  tlie  fibre  lias  some  other 
termination  beyond.      Some  have  supposed  that  Heiialtive  fibres  differ 
from  tlic  motor  ones  in  tho  circumstance  that  the  former  alone  ore 
brought  ia  connection  with  tho  corpuscle*,  but  this  is  vcjy  unlikely. 

Second.  The  vesicular  nervous  substance  is  composed  of  nucleated 
cells  containing  a  granular  substance,  with  which  there  are  The  vraicuUr 
intermixed,  cspecialJy    near   the    nuclei,  pigment   granules.  ro'Ucn- 
These  graniUes,  however,  are  souietimcs  absent,  as  in  the  vertcbrata. 
The  nucleus  of  each  ganglionic  vt'sicle  often  presents  a  nucleolus;  the 
diameter  of  the  vesicle  varies  from  yj^j  to  -yf^  ***'  '^  inch.     These  veSr- 
icks  arc  found  m  the  ncn'O  centres,  llicir  coloring  mutcrial  communicat- 
ing to  tliose  parts  the  peculiar  tint  thuy  display.     In  6ha|je  tliey  vary 
very  mucli,  some  being  spherical,  some  ovoid,  and  others  caudate,  ex- 
hibiting processes  which  arc  filled  witli  granules,  or  which,  becoming 
eventually  transparent,  communicate  with  simitar  processes  from  other 
ceUs,  or  are  continuous  with  the  axis  cylinders  of  the  nerve-tubes.     Ac- 
cording to  Axniunn,  the  axis  cylinder  is  a  continualiou  of  the  nucleus 
of  the  cell.     Tlie  ganglion  vesicles,  as  they  arc  termed,  are  character- 
ized by  containing  Ji  largi!  amount  of  pliosphor- 
ized  oil,  and  it  is  probable  that  tlio  oxidation  of 
this  material  is  a  condition  of  their  functional  ac- 
tivity. 

/''iff,  116,  ganglion  globules  (nci-\'e-ccll3),  from 
the  Gasscrian  ganglion  of  the  cat.  I.  Cell,  with 
short  pale  ]>rocess,  showing  the  origin  of  a  Kbre; 
a,  sheath  of  the  cell  and  ncrve-tul)C,  containing  nu- 
clei ;  i,  cell  membrane  of  the  nerve-cell.  2.  Cell, 
^^-t  ^  with  tho  origin  of  a  tibre  without  ahcath  ;  i,  cell 

^^K  jy^  membrane  of  the  nerve-cell.      3.  Nerve-eell,  de- 

^^K  /f  privtrd,  in  tlic  preparation  of  it,  of  its  membrane 

^^R«<di^.p.tB,ariMji.    and  external  sheath.     (KolUker.) 
■  .mcun.  jTi^  j|7^  p  i264,  bipohir  nerve-cell  of  the  pike, 

conlimicd  at  each  end  into  ncne-tubes.     a,  sheath  of  the  ncrvc-ccll;  If, 
flhcatli  of  the  nerve ;  f,  medulla ;  d,  axis  cylinder  continuous  with  the 
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Tliesc  probably  are  continuous  ivitli  the  axis  cylin- 
ders of  the  nerves,  in  connection  with  tlic  veside. 
Fig.  \  19,  tubules  and  ncn-o-cells :  A,  from  srmpi- 
thetic  ganglion;  *,  a  sept- 
rate  cell,  showing  its  pellu- 
cid nuclem*  and  nuchH>lus: 
B,  from  the  gray  substance 
of  human  cerebellum:  ^,4, 
plexus  of  primitive  fibres; 
r,  nucleated  globules;  •. 
a  separate  cell  from  ho- 
rn in  ganglion  of  Gasser. 
(Wagner.) 

Fig.  120,  tubniefl  azid 
nerve-cells  of  human  brain :  A, 
nerre-celifl  lying  in  the  midst 
of  varicose  nen^e  -  tubes  and 
blood-vessels  in  tho  substance 
of  the  optic  thalamus:  o,  ^ob- 
ulc  more  enlarged ;  i,  small  ^'a»- 
cular  trunk:  B,  B,  multipolar 
ncrve-ccllfl  from  ihc  dark,  -j-wr- 
tion  of  the  crus  cerebri.  (I'ur- 
kinjc) 

Such  being  the  constmction 
of  the  fibrous  and  vesicular  ma- 
terial, wo  may  next  inquire  into 
tJieir  functions. 
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FUNCTIOKS  OF  NER\'E  FIBRES. 

That  the  function  of  norvc-tubca  is  fo  conduct  impressions,  is  proved 
IT  many  different  fiicts.  On  pulling  a  ligature  round  a  nerve,  lunciiotis  of 
r  cutting  it  across,  it  no  longer  transmits  the  usual  influ-  *'"'•''  ^i"^* 
Bnces.  A  more  criticiil  examination  sliows  that  impressions  mado  on 
!ic  external  extremities  of  a  ncn'c  arc  conveyed  by  it  to  the  ccnlrcs, 
ind  the  influences  originating  in  the  ner\'0U8  centres  arc  conducted  along 
inch  trunks  to  the  parts  to  which  they  are  distributed.  This  double 
iatr  therefore  implies  that  there  arc  two  classes  of  tubes,  the  centripetal 
bid  rentTifugal,  though  thus  far  no  structural  diflercncc  between  them 
tas  lM?cn  detected.  'I'licy  can  not  of  thcmsctves  either  originate  imprcs- 
none  or  motions,  these  in  every  instance  arising  from  external  or  central 
^cncy.  The  centrifugal  libre-s,  wljen  cut  across,  may  show  „  m  ..  i 
90  effect  if  the  part  still  remaining  attached  to  the  nerve  cen-  auti  ccniriru* 
re  is  irritated ;  bnt  if  the  other  part  connected  with  the  pc-  ®  "'' 
tJphciy  be  pressed  upon  or  pinclicd,  muscular  contraction,  that  is,  mo- 
tion, residts.  If  centripetal  tibres  be  examined  in  like  manner,  the  part 
BOQiuected  with  the  periphery  being  irritated,  no  result  arises ;  but  if 
he  part  connected  witli  the  centre  be  irritated,  sensations,  general  or 
^lecial.  as  the  case  may  be,  are  perceived.  These  several  ctlccts  ensue 
Irben  the  motor  or  sensory  nen'O  is  intact;  for,  on  irritating  llic  one  or 

k4>thcr,  motion  or  sensation,  as  the  case  may  be,  is  produced.  If  the 
lie  trunk  of  a  ccntri{)ctal  nerve  be  irritated,  the  mind  ret'crs  the  sen- 
sation to  all  those  parts  to  which  the  branches  of  that  nen-e  are  distrib- 
uted; if  a  part  only,  then  tlie  sensation  is  limited  to  those  portions  to 
Rrliicb  the  librils  of  lliat  part  go :  but,  besides  this,  the  mind  also  recog- 
tuzes  the  j»artienlar  spot  upon  the  trunk  to  which  t!ic  irritation  has  boon 
ipplio<l.  In  like  manner,  wlien  the  entire  trunk  of  a  centrifugal  ner>'e  is 
rrit«led,  all  the  muscles  which  it  pdpplics  contract;  or,  if  only  a  part, 
hen  those  muscles  which  are  supplied  from  that  part.  From  tlic  ana- 
Dmical  fact  that  a  nerve-tube  does  not  anastomose  with  its  neighbors, 
be  xnflnenccs  which  it  conveys  arc  transmitted  along  it  without  any  lat- 
tnil  diffusion,  and  every  fibre  discharges  one  duty,  and  one  trni(roff„nc_ 
llone.  The  centripctral  can  never  assume  the  function  of  tion  intdo 
ho  centrifugal ;  and  in  the  case  of  ncnc3  of  special  sense, 
hats  is  the  same  restriction :  (he  optic  ncr\c  can  not  transmit  the  im- 
irCABionB  of  sounds,  nor  tlic  auditor}'  the  vibrations  of  light;  the  nerves 
rf  cotnmon  sensation  arc  affwted  neither  by  one  or  tlio  other,  but  they 
irc  by  variations  of  temperature.  The  velocity  with  which  ^^^^  t^poo- 
Itcee  intlucncca  pass  along  ncr^'o  tibres  is  indefinitely  Ivus  iiuciiuiuj  la 
fbjin  tliat  with  wliicli  electricity  moves  in  a  metal  conductor.  '"='^"- 
Xbus  lar,  however,  no  sati^ilactory  measure  ol'  it  has  been  obtained* 
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The  pjcpcfiments  of  Ilplralioltz  pivr,  for  tlic  rate  of  propagation,  from  53 
to  88  fcot  per  second  in  tlic  frog,  nnd  in  man  200  feet,  the  velocity  rii- 
ing  with  the  mean  animal  iieat.  At  one  time  it  was  thought  thattbcrc 
arc  perceptible  lUfferences  in  tliia  rate  in  the  sanio  nerve  of  different  indi- 
vidools,  or  in  ditU-rent  nerves  in  the  same  individual,  IjuC  these  cooclth 
siona  arc  admitted  1o  be  erroneous^  or  to  be  e:!Cplained  upon  another  piia- 
ciplc.  It  enn  not  be  denied  that  tlicrc  is  a  genend  resemblance  betwwn 
the  manner  in  uhicli  a  nervous  fibril  transmits  its  influences  and  that  in 
which  a  conducting  medium  convcjs  an  electric  corrcnt,  though  tlic  vc- 
RMflnbUnoo  locity  may  be  very  dificpent.  There  13  a  rcsemblant-c  bc- 
tNtwecntbs  twecn  the  arrangement  of  the  axis  cylinder  surrounded  by 
tridi  conduct-  i^  white  substance  and  mcmUrauous  tube,  and  that  of  a  met- 
^*^  alline  wire  wrapped  round  with  eilk,  or  other  uon-conduct- 

iug  material  in  many  electrical  arrangements.  An  electric  current  arti- 
ticially  transmitted  idong  a  nerve  trunk  will,  as  the  nature  of  that  tmnJ: 
may  bt*,  give  ri.se  to  muscular  contraction,  or  produce  general  or  special 
sensation-s  or  originate  retlcx  action.  For  these  reasons,  it  has  long  bom 
supposed,  by  many  physiologists,  that  the  influence  which  posses  along 
nervous  (ibros  m  analugous  to  electricity,  if  it  be  not  idcnticd  thexewith; 
but  all  atlcuipts  to  prove  the  existence  of  an  electric  current,  either  in  tlic 
centrijictal  or  centrifugal  fibres,  have  thus  far  been  aljortive.  It  niay, 
however,  lie  remarked,  that  the  argiTmcnts  which  are  commonly  present- 
ed against  tlic  hypothesis  of  the  identity  of  the  nervous  agent  and  eloe- 
Iricity  are  but  of  little  weight  when  critically  csantineU.  Thus  it  is  said 
that  an  electric  current,  passing  along  a  ner\*c  fibre,  spreads  laterally, 
whereas  the  nervous  agent  never  does ;  but  this  is  all  de]x-ndent  upon 
that  (jualily  formerly  known  among  elcctriciiuia  as  intensity.  There  is 
no  reason  to  suppose  that  a  thermo-electric  current,  the  intensity  of  wliicU 
is  very  low,  would  exliibit  such  a  lateral  propagation ;  whereas  a  voltaic 
current,  whose  intensity  is  high,  does  it  without  ditHculty.  Moreover, 
though  it  has  been  stated  that  the  electric  conductibility  of  a  norvoos 
trunk  is  indefinitely  worse  tlian  that  of  a  metal,  even  lower  than  tlmt  of 
ft  bundle  of  muscular  fibre,  it  sliould  be  remembered  in  tliesc  discussions 
that  the  conducting  i>ower  is  in  the  axis  cylinder,  and  no  attempt  has 
ever  yet  been  made  hy  any  experimenter  to  isohite  that  structure  and  sub- 
mit it  to  proper  examination.  It  is  just  tlie  same  as  though  we  should 
take  a  bundle  of  copper  wires,  each  one  of  which  is  separated  iVora  its 
neighbors  by  a  layer  of  non-conducting  fat ;  that  we  should  cut  out  a  boc- 
tion  of  sudi  a  construction  with  n  pair  of  scissors,  and  then  attempt  to 
determine  its  conductibility.  That,  under  any  circumstances,  would  be 
low  enough  ;  and  tlic  cliances  arc  that  the  non-conducting  material  would 
be  smenTcd  over  the  ends  in  the  act  of  making  the  section,  and  the  speci- 
men  refuse  to  conduct  at  all.     In  a  similar  manner,  we  may  disclose 
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^»II  tiio8C  experiments  which  have  been  brouglit  to  prove  the  dissiinilari- 
ny  of  clcctricii/  and  the  nervous  agei)t,  by  iiiten-oniug  u  piece  ot' metal 
IlKtwecn  a  section  of  a  ncnoiu  trunk,  it  imviiig  been  ibuud  that  under 
sucli  circumstances  llie  nervous  iiiHuence  docs  not  pass. 

The  physical  condition  upon  whicli  the  activity  ot'  tlic  nervous  moch- 
anism  <kpends  is  the  supply  of  arterial  blood  j  for,  although  jj^p,,,^,  ^,j,. 
tlic  nerve  fibreg  never  receive  or  are  penetrated  by  blood  cap-  iiy  dt|«nd<  tm 
iilaries,  tliesc  latter  run  iu  company  with  them  in  the  ncr\--  "*""  "*"' 
oufl  iasciculL  It  would  ajjpcort  however,  that  the  supply  of  arterial  blood 
ia  of  far  leas  moment  in  the  function  of  tho  nerve  fibres  tlian  it  is  in  lliat 
of  the  nerve  centres.  Tlu3  is  shown  by  the  limited  supply  given  to  the 
fonner,  and  tho  abundant  one  to  the  latter ;  by  tlto  comparative  eSect  of 
a  stoppage  of  tho  blood  circulation,  in  which  case  the  action  of  the  ncrvo 
centres  is  instantly  arrested,  whereas  that  of  the  fibres  may  continue  for 
a  long  time.  On  tho  whule,  there  arc  strong  reasons  for  believing  tliut 
tite  conduct ibiiity  of  the  ncrVc  fibres  is  as  purely  physical  as  is  that  of  a 
metal  wire,  and  that  the  supply  of  blood  that  they  receive  is  only  for  tho 
purpose  of  maintaining  llieir  construction  in  u  |H:rtcct  state. 

We  have  stated  tliat  there  are  nerves  the  functions  of  which  arc  essen- 
tiaUy  difi'orcnt,  such  as  tho  centripetal  or  sensory,  and  the  j.ipntifl,afifln 
eentrifugal  or  motor.  The  identification  of  the  class  to  i>r  Um  dus  of 
Srhich  a  nerve  under  examination  belongs,  may  aomctimea 
be  Uiade  by  examining  its  manner  of  di.  tribution,  or  its  ganglionic  con- 
liection;  sometimes  by  experiment,  by  making  a  section  and  irritating 
the  cut  extremities.  In  these  cases,  however,  caution  has  to  be  cxcr- 
IBaed  in  comuig  to  a  conclusion. 

rrNCTIONS  OF  NERVE-CELLS. 

The  ncr\-ous  fibres  having  for  their  duly  the  conduction  of  oxtenml 
apressions  and  the  transmission  of  nervous  iniluenccs,  the  FancUon  «f 
Fi9.m.  ner\-c-cells  or  wrvvwlciM, 

vesicles  are  for  the  re- 
ception of  those  impres- 
sions and  the  origination 
of  those  influences.  Tlie 
nerve  centres  or  gnnghla 
are  mad©  up  of  vejiiclcs, 
granules,  and  iierve-txibes 
*i  conjointly. 

}^i^,  121,  dorsal  gan- 
glion of  the  sympathetic 
nerve  of  a  mouse,  o,  *, 
cords  of  counectii^n  with 
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adjacent  ganglia ;  c»  c,  o,  r,  branches  to  the  viscera  and  spinal  ncrvca ;  df 
nen'C-opUs;  f,  ncrve-tubcs  traversing  the  ganglion,     (VaJentin.) 

For  tJie  explanation  of  tlio  function  ot'thc  nervo  centres^  it  u  eescnlial- 
ninrtioa  of  ly  noccssary  tliat  we  should  have  clear  views  of  the  functioQ 
ii!i7Ki)uaul'!l  o*^'l»c  ncn'e  vcsicla«.  It  Ims  appeared  to  mc  tliat  their  Jatjr 
inMHy.  lA  manifcRled  by  I  heir  anatomical  relations.     The  intlactkoc 

whatever  it  may  be,  wlncli  passes  along  a  nor\'oiis  cord,  is  completdy 
isoL'ited  therein,  »nd  never  lojivcs  the  fibril  in  which  it  is  passing  froin 
its  origin  to  its  teruiination.  It  is  isolated  by  the  white  substance  of 
Tlw-r  {irnnlt  Schwann,  tint  it  is  very  plain,  as  a  tliousand  phonomcu 
r^ai'^riiiir  "*  ^^  ^^^^  ncn*ou5  system  prove,  that  there  are  places  of  escape 
new  cbonovis.  for  thts  influence,  although  it  may  be  confined  in  the  nerro- 
tube,  and  these  places  can  be  no  other  tlian  the  vesicles.  Their  caudste 
aitpect,  or  niulti]>olar  form,  as  it  is  often  termed,  will  bear  no  other  inler^ 
prctation.  Tlie  disturbing  influence  coming  along  the  axis  cylinder  of » 
ncrvc-tubc,  finds  itself  delivered  into  the  gra'nuhir  material  in  the  interior 
of  a  vesicle,  a  material  physically  continuous,  in  the  opinion  of  many 
physiologists,  with  the  structure  of  tlio  axis  cylinder.  Through  Has 
granular  materi^d  the  influence  is  transmitted,  and  if  the  vesicle  shoold 
have  on  its  distant  contour  two  or  more  ncrvc-tnbcs  connected  wHh  it, 
it  would  Bcrm  to  be  the  necessary  result  of  such  a  state  of  things  that 
tlic  influence  will  pass  down  all  those  channels.  For  these  reasons  I  re- 
gard the  nerve  vesicles  as  being  ooustructions  for  tJie  ptir{)osc  of  opening 
out  t!ie  closed  nen'e  tubules,  and  penuitting  them  to  deliver  tlicir  energy 
into  new  tracts. 

But  more  than  this.  Whatever  may  be  the  manner  in  which  the 
DiiTunioTionn.  nervous  influence  is  propagated,  or  conducted  from  point 
"SJ^mlu'  ^°  P*^'"*  ^^  ^^^^  granular  material  within  tho  vesicle,  there 
rial.  must  he  now,  since  there  is  no  structure  to  prevent  it,  a  lat- 

eral spreading  of  cilcct.  It  is  not  to  be  suppose<l  that  the  jiassago  is 
made  in  a  direct  line,  iVom  the  terminus  of  tho  centripetal  to  tho  origin 
of  tlie  centrifugal  fibre,  across  these  caudate  vesicles,  and  restrictctl  there- 
to. There  is  no  isolator  to  confine  it  in  any  such  track,  and  it  seems  to 
follow  of  necessity  that  tlie  whole  contents  of  the  vesicle  must  be  affcct- 
VerioicA-reuin  ed,  and  this  irrespective  of  its  magnitude.  Such  a  condition 
■ndTre  maga-  *^^  *l"i"g8  introduces  the  suspicion  of  a  second  great  duty 
zjnraorrorM.  which  the  vesicles  may  diseliarge  in  retaining  within  them- 
selves, at  all  events  for  n  short  jwriod,  the  influences  that  have  thus  es- 
caped laterally,  and  thus  they  become  temj>orary  magazines  of  power. 
rniiMiUr,  1.1-  •'^"^  perhaps  tins  may  bo  the  true  interpretation  of  the  action 
polar,  miiiii|x>.  of  Unipolar  and  bipolar  vesicles;  the  unipolar  bciui;  a  capsulo 
tor  tho  collection  ami  con8cr^•atlon  ol  the  entire  dchvercd  m- 
flucnce,  tho  bipolar  to  admit  of  the  passage  onward  of  a  large  portion  of 
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fbe  force,  but  by  lateral  diffuaion  (o  preserve  or  delay  a  part,  and  the 
muhipoliir  at  oucc  ])cmiiiting  ot*  conservation  and  of  &  dischaigo  into, 
{)erlia|)s,  a  multitadc  of  nv-vr  elianneln. 

Upon  the  SQtnc  principle  that  multicaudate  vesicles  permit  of  the  gs- 
ttfo  of  ncr\'ous  influence  from  the  sin-jjlc  clianncl  in  wbicli  it  intcrfcrwiceof 
iiSS  liecn  coming  into  many  new  ways,  so  likewise  they  ifflprcMiona. 
most  bo  Uie  scats  of  the  intcrterence  of  influences  delivered  into  them 
&om  many  centripetal  fibres  at  the  same  time.  Thus  we  may  imagine 
a  trientidatc  vesicle  into  the  granular  material  of  whieii  an  inflacncc  is 
delivered  simultaneously  by  two  ccntrijwtal  BbriU,  and  these,  reacting  on 
one  another  in  tlio  interior  of  the  vesicle,  give  rise  to  a  resultant  which 
may  ditTcr  tVoni  them  lioth,  and  this  is  passed  on  tlirougli  the  third,  the 
ccntrifugnl  fibril. 

Regarded  in  this  way,  the  function  of  a  nerve  vesicle  may  therefore  be 
stated  to  be,  Ist  To  permit  the  escape  of  an  entering  intluencc  out  of  the 
■oUtary  channel  in  wliich  it  has  been  isolated  into  any  number  of  diverg- 
ing tracts;  2d.  To  combine  influences  whicli  arc  entering  it  from  various 
directions  into  a  common  or  new  rci^ulc ;  3d.  By  permitting  of  lateral  dif- 
fiuioa  to  take  olT  and  keep  in  store  for  a  certain  duration  a  part  of  the 
'passing  influence 

Our  attention  can  not  fail  to  be  arrested  by  this  last  eflect ;  for  if  ihcra 
be  a  propcrtv  which  is  characteristic  of  the  nervous  mechan-  „ 

r     r      J  .11  .....  noirntion  oT 

isro  in  tts  utmost  degree  ol  development,  it  is  this  of  retain-  tb«  rcNtign  oT 
iog  the  relics  or  traces  ot'  impressions  which  have  formerly  *'"!'"*"*"* 
been  nado  upon  it.  As  it  goes  on  increasing  in  ])erplcxity  as  we  rise 
thnragfa  the  animal  series,  the  provision  for  the  retention  of  sucli  imprca- 
ftiona  becomes  more  and  more  strikingly  marked.  Ganglionic  mnsscs, 
which,  from  their  [Ktsitiun  and  structure,  are  marked  out  for  tliis  duty, 
appear  in  that  ascending  scale  in  increasing  magnitude.  To  those  we 
may  aptly  apply  the  designation  of  registering  ganglia,  since  ){(»:^^t«r]nK 
ihcy  truly  store  up  the  traces  of  ancient  impressions  and  keep  fi»"«l'»* 
them  in  resen*c  These  ganglia  must,  moreover,  be  the  scenes  of  the  in- 
Icnction  and  interference  of  the  impressions  they  tlms  contain. 

The  irgistering  ganglia  tlius  introduce  the  element  of  time  into  tho  ao- 
tkrti  of  the  nervous  mechanism.  The  impression  which  in,r^„,(Q„ 
without  them  would  have  fortliwlth  ended  in  action  is  dc-  ofthcclcauit 
layod  for  a  season,  nay,  ]>erhaps  even  as  long,  though  it  may  "  ""'*' 
!»  in  a  declining  way,  as  the  structure  itself  endures;  and  with  tlie  in- 
troduction of  tliis  condition  of  duration  come  all  those  im])orlant  effects 
which  ensue  from  the  various  action  of  many  received  imprest>tuns,  old 
mad  new.  upon  one  another. 

This  internal  origination  of  new  results  llirough  the  interaction  of  im- 
prcsaioua  retained  in  the  re^stering  ganglia  is  too  important  a  phcnom- 
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cnnn  to  b<*  jias^d  liplitly  l>y,  mniti  especially  when  vrc  consider  thr  5ll^ 
prising  results  to  wliich  it  cvcnhxally  leads  in  the  Iiiglicr  foims  of  lilc.  1 
lUu>tntioD  of  shnll  therefore,  witliout  nny  npology,  digress  briefly  for  the 
the  pruciufiiirti  sakc  of  illustratltifr  iiiv  mcnninj;,  bv  ehowinc:  how,  even  in 

of  varijilJ*  r*^      ,  .    ,  ,  ,"^      '  .■.,-,  ^       ,       * 

tului'.rinvui-  Ihc  niatcnnl  world,  from  conditions  which  areas  fixed  as  fftlc, 
•bla  »UM>L      through  interaction  of  consequences  variable  results  arise. 

The  laws  of  nature,  being  founded  on  pure  reason,  are  absolutely  tin- 
changeable.  Of  the  things  which  arc  presented  to  oar  contemplation, 
they  alone  arc  invariable.  Material  substances  of  oxry  kind  wear  Iff 
time,  and  exhibit  incessant  alterations,  and  this  the  same  whether  tliev 
are  of  a  tcrrcslrial  or  a  celestial  kind.  There  arc  tides*  eclipses,  seasoiu, 
births,  deaths.  Throughout  llic  universe  then*  is  no  monument  lliot  re- 
tains its  primordial  condition ;  for  all  material  aggregaliona  arc  only 
forms,  and  every  form,  in  the  process  of  time,  must  perish.  There  ait 
changes  of  the  surface  of  the  earth,  change  in  its  position  as  to  the  stin, 
changes  in  the  places  of  systems  of  worlds  as  to  one  another.  E\'eiy 
thing  is  at  every  moment  in  motion ;  but  in  the  midst  of  nil,  every  law 
of  nature,  as,  for  example,  the  law  of  gravitation,  endures  without  ■\"aria- 
tion  for  an  instant,  and  is  never  for  an  instant  suspended. 

This  invarialiillty  of  natural  laws  from  ngc  to  age,  even  under  einmm- 
stancos  in  whic!i  we  might  suspect  a  change,  is  illustrated  by  the  parallel 
which  may  be  traced  between  the  development  of  the  most  x«cent  cm- 
hryos,  as  of  man,  nnd  those  of  the  ancient  geological  times,  or  botu*«ai 
liuman  development  and  that  of  the  wliole  animal  series.  In  all  tlicse 
eases  such  a  phenomenon  is  never  witnessed  as  that  of  a  part  springing 
from  notliing :  it  comes  out  of  something  existing  before,  and  exists  as  a 
conscr|ucuce  of  some  preceding  act.  The  order  in  whidi  part  arises  from 
part  is  the  same  norr  as  it  lias  been  in  all  times — the  same  in  organ- 
isms which  arc  most  distinct  from  each  other  in  stnicture  or  position  la 
the  natural  scale ;  nnd  thu.?  we  sec  that  development  is  not  only  the  con- 
sequence of  law,  but  of  law  which  is  unchangciblc  and  univcrAil  in  its 
application. 

As  with  tliesc  ]>henomona  of  development  and  nil  luitural  facts,  so  mth 
the  operations  of  the  mind.  There  is  no  such  thing  as  a  spontaneous  or 
self-originating  thonglit.  Kvery  intellectual  act  is  the  consequence  of 
some  preceding  act.  It  comes  into  existence  in  virtue  of  something  that 
has  gone  before.  Two  roinda  constituted  precisely  alike,  and  placed 
under  the  influence  of  precisely  the  same  external  physical  circumstances, 
must  give  birth  to  precisely  the  same  thought.  Such  is  plainly  tlie 
consequence  of  that  invariability  and  universality  of  the  laws  of  nature 
on  which  I  luivc  been  insisting,  which  is  ilhi.^trated  by  the  fact  wc  so  often 
witness  in  our  daily  affairs,  and  strikingly  in  the  case  of  philosopliical 
di.icovej-ies,  the  same  idea  occurring  to  many  persons  at  the  same  time. 
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U  thU  Bamencds  of  action  to  wliicli  wc  allude  in  that  popular  exprcs- 
400,  common  aenec — a  term  full  of  meaning.     In  the  ori^jinalion  of  a 
ighl  there  are  two  distiiiet  conditions  involved — the  stale  of  the  mind 
dependent  on  antecedent  impressions,  and  the  existing  physical  ciiv 
iccs.     The  brain  is  the  instrument  on  which  external  circum- 
slaocea  play;  but  in  the  same  manner  that  the  course  of  time  presents 
Utf  with  uatural  vicissitudes,  such  as  night  and  day,  tlic  seasons,  the  tides, 
spring  and  neap,  with  their  ebb  and  flow,  variations  of  events  may  ensue, 
rH>twitlistan<ling  the  fatc-likc  aspect  of  the  acting  law,  and  this  tliroiigli 
the  interaction  of  consequences.     So  tlic  earth  revolves  round  the  sun 
05  a  consequence  of  gravity,  and  for  the  same  reason  docs  the  moon  re- 
volve round  tlio  earth ;  for  the  same  causo  do  the  tidc^  flow  and  ebb  in 
the  sea ;  yet  there  will  be  spring  tides  when  the  sun  and  moon  draw  in 
one  direction,  and  neap  tides  wlion  tlicy  dmw  in  opposite  ways.     Out  of 
the  invariable  tlic  variable  may  therefore  arise* 

To  return  from  this  digression  to  the  phenomena  displayed  by  regis- 
tering gan;;lia,  tn  continuation  of  the  views  offered,  I  may  ])r(v   Min«tmiion  of 

sent  as  an  i'.xample  the;  manner  in  which  I  .slioiild  \k  disnose<l  "i^^lf""^*? 

»  .  .    /  tf*"!!"*  I'l  In- 

to regard  in  this  rcs|NM:t  the  entire  nervous  system  of  the  ar-  ttci». 

ticolata.  Constructed  as  tlicsc  animals  are  upon  an  axis,  the  nen'es 
which  are  given  ofif  from  the  ganglia  npon  that  axis  right  and  left,  a  |)air 
for  eftdh  segment,  arc  primarily  purely  automatic,  and  act  therefore  pri- 
marily in  a  purely  reflex  way ;  an  impression  made  on  the  peripheral  cx- 
tnsmity  of  one  of  their  centri|>ctal  libres  is  conducted  to  the  ganglion, 
passes  through  it,  escapes  along  the  centrifugal  fibre,  and  a  motion  oe- 
ctirs.  But  the  whole  iiitluencc  is  not  thus  promptly  disposed  of,  A  ])art 
of  it  is  conducted  by  commissural  strands  to  the  copltalic  ganglia,  and 
there  held  in  reserve.  And  the  same  thing  holds  good  for  cv-  v  ,■  r 
cry  one  of  the  ganglia  of  the  ventral  cord,  so  that  for  them  all  iiit  wpWic 
tiie  cephalic  become  a  i»oint  of  common  convergence,  or,  in  my  ^*^^  '*" 
view,  the  common  register  for  them  all.  Here,  at  this  focal  point,  are 
stored  up  the  relics  of  whatever  impressions  have  been  made  upon  the 
common  peripheral  ner\*es,  and  here  are  received  those  which  are  brought 
from  the  structures  of  s|>ecial  sense— the  visual,  the  auditory,  the  olfac- 
tory, if  any,  Thexe  does  not,  then,  appear  any  great  difficulty  in  ex- 
plaining the  well-marked  deviations  from  automatism  which  these  ani- 
noftls  may  present. 

The  action  of  every  ganglionic  mechanism  depends  upon  the  existence 
of  certain  physical  conditions,  among  which,  as  being  of  par-  NVrvc  eontn* 
ainoant  imjwrtance,  one  may  Ik:  discerned.  It  is  the  due  ccpi  by  oxiJ*. 
supply  of  arterialized  blood.  If  this  be  stopped  but  for  a  ^^'°^ 
moment,  the  ner\c  mechanism  loses  its  power,  or  if  dimim'shed,  the  dis- 
pby  of  its  characteristic  phenomena  correspondingly  declines-     If,  oo 
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the  contrary,  flic  supply  Vc  unduly  great,  or  its  oxidizinj?  power  arti6cUl> 
ly  increased,  there  is  a  more  energotic  action.     TUis  latter  condiiiou  of 
things  is  presented  in  the  earlier  stages  of  tlie  rcspintion  of  protOAidttof 
nitrogCD,  an  increased  niusoulur  )>owcr,  and  an  exaggeration  of  the  pro- 
cesses  of  intellection.     The  opposite  state  ia  witnessed  ivhcn  carbonic 
acid,  rnorc  or  less  dilute,  is  breathed,  from  that  hlunting  of  the  iutcllectoil 
faculties  mid  indis[H>i;ilion  fur  muscular  exertion  which  is  felt  in  Ut-veft* 
tilated  apartments  where  carbonic  acid  Is  peruiittcd  to  accumulate,  to  ik 
profound  torpor  ond  insensibility  experienced  vhoa  it  is  in  a  cnon  oon* 
centratcd  ?tatc.     Tlicse  exaltations  and  depressions  of  the  capabilities  (rf 
the  nervous  instrument  are.  therefore,  clearly  of  a  cbcniioai  kind,  andnuf 
be  produced  artificially  and  nt  plcasarc  by  the  respiration  of  appropriale 
gases  or  the  administration  of  certain  drugs.     Nay,  even  the  accumuU> 
lions  of  the  effete  pro<bicta  of  the  economy  arc  sulficicut  to  give  ri^c  to 
such  diminutions  of  power,  as  we  sec  when  bile  or  urea  is  permitted  to 
accumulate  in  the  blood.     The  therapeutical  and  toxicological  iuflueno^ 
of  certain  medicaments  arc  illustrations  of  these  principles.     Of  sncli 
substances,  some  act  on  the  sensorial  and  some  on  the  motor  powi:rs. 

The  copious  distribution  of  arterial  blootl  to  the  nervous  centres  indi- 
Xc««w{tyoff«.  catcs  that  they  undergo  a  rapid  waste.  Tliat  supply  can 
jiair  ui>i  Kac  jjqj  bc  fof  thc  mcto  purpoae3  of  growth  alone,  since,  when 
once  maturity  is  reached,  the  nervous  mechanism  presents  but  little  ex- 
pansion. The  provision  fur  nutrition  assures  us  that  that  action  mus*. 
bc  rapidly  going  on  ;  but  the  etpnlibrium  of  the  system  betrays  that  such 
nutrition  is  not  for  development,  but  for  tlio  repair  of  ^vaste;  and,  in- 
deed, this  waste  proceeds  at  such  a  rate  that  there  arises  in  some  portions 
of  this  system  a  necessity  for  periodic  repose,  a  time  for  the  restoration 
of  the  parts.  If  any  ailments  were  required  to  establish  beyond  dis- 
pute tluit  snch  a  disintegration  of  thc  material  of  thc  nerve  centres  docs 
occur,  it  woidd  l)e  furnished  by  aa  examination  of  the  urine ;  for,  in  nerv- 
ous substance,  phosphorus  occurring  as  a  cliamcteristic  ingredient,  it 
must  give  rise  to  the  production  of  phosphoric  aeid,  or  salts  thcrooC  in 
pMtniciion  of  tl»<^  supposed  i»criods  of  actinty.  Moreover,  in  this  met*- 
nm-flM  rn«to-  morphosis  of  the  vesicular  structure  ammonia  must  evcnln- 
iHirtiun  lu  nrr*'  ally  onsc,  froui  the  cell  walls  if  irom  no  other  source,  and 
KUA  »u-iivitj-.  accordingly  we  find  in  tlie  urino  that  churiieteristic  doable 
salt,  thc  phosphate  of  soda  and  ammonia.  The  amount  of  tliese  alkaline 
phosphates  has  long  been  known  to  bc  in  proportion  to  the  activity  of 
tlie  nervous  system,  particularly  in  thc  case  of  individuals,  such  as  cler- 
gymen, whose  mental  powers  arc  tuxcd  undtUy  at  stated  intcr>-als.  Thc 
general  feet  that  the  degree  of  energy  whicli  this  system  exliibits  is  de- 
]}endent  on  the  activity  of  respiration  in  diilcrcnt  tribes  of  life  might  be 
established  from  many  familiar  instances. 
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More  precise  ideas  would  lie  arriTcil  at  regarding  the  waste  of  the  nen*- 
OBS  mechaniHin  if  wc  possessed  a  more  accurate  knowledge  of  its  chem- 
ical constitution.  Tiie  cxaiiiinalions  liiilierto  made  are  tar  „  ..,  , 
mca  agreeing  with  one  auothcr,  and  iliiH,  to  a  certain  extent,  oervoua  mnui- 
u  due  Ui  tlie  difficulty  of  obtaining  the  true  nen-oua  tlsBiic  in 
VI  isolated  state,  or  unminglcd  with  other  inten'ening  structures.  The 
tollowing  tables  will  give,  however,  a  general  idea  of  its  composition  at 
liidcrent  |Krriod8  or  in  ditferent  conditions. 

A^ffU  of  Brain  o/Jiffermt  Om^ohb  ftf  lift,    {From  L'llfrllier.y 


r 

AnfuitlK 

Yonilw 

A4n1t& 

Aarc4. 

IdtoH. 

837.90 

ni.m 

'Sfi.IO 

73A.AO 

70tf.80 

Albmnen 

70.00 

lu-j.oo 

84.00 

86.50 

04.00 

Fii 

»4.fiO 

fiA.OO 

fil.OO 

48.20 

C0.00 

rkRuiuiRc  iintl  B&lla 

£9.60 

8A.90 

10I.!H> 

IL'1.80 

UBJiO 

P.00 

16.50 

I*l.W 

10.00 

S.&0 

UHW.IM) 

ifHin.w 

10(H>.00 

1000.00 

1000.00 

Cbiiyiomtioa  of  Spinai  Card  o/"  AAtU.    {From  VUerilier.) 

Water 710.60 

AlbumCD 78.00 

F« 82.60 

(htnazotai  115.00 

PboKithorui I9.<W 

lOOff.W 

^  ihdnUiiry  and  OfrtkaJ  SvhtUma  t^  Brahi  ^IiBot.     (f)rom  IjUMnffM,) 


OmticAl  Mid  Mrd- 

UoitlasL 

MedulUrr- 

Wmdt , 

T  70.00 

!>4:.oo 

7'?.00 
31.00 
I'O.OO 

1'        11.00 

Sfi0.00 
75.00 
10.00 
37.00 
14.00 

12.00 

790.00 
99.00 

189.00 
<J.0O 
10.00 

13.00 

ExtrmcUro,  lactic  acid,  and  mIu... 
I'ka*ii)uii0'4  of  lime,  magneua,  anil 

I0OD.00 

998.00 

1000.00 

From  which  it  would  appear  that  the  percentage  of  water  is  greatest  in 
ho  early  pcrioils  of  life,  and  that  of  phosphorus  in  the  adult.  Attention 
uy  aUo  )ie  drawn  to  the  fact  (hat  the  |)ercentage  of  phosphorus  in  the 
in  of  idiotfl  ia  verj-  low.  It  also  npi)cara  that  the  constitution  of  the 
rhiie  and  gray  portions  of  the  brain  U  dill'crcnt,  as  might  have  been  an- 
ipated  from  tlu^ir  appearance^  the  color  of  tlie  latter  being  due  to  a 
licown  tiL  By  BOine  it  is  supposed  that  the  non-sajxinifiablc  fat  clio- 
Jesterino  arises  aa  a  product  of  waste,  and  that  tJie  phof>phorizcd  oils,  as 
boy  are  termed,  constitute  the  white  enveloping  cylinder  kno^^'n  as  the 
hite  substance  of  Schwann,  and  tlial  the  interior  cylinder  is  a  nitrogcn- 
Ked  but  nor>-pho9phorized  body ;  but  tlierc  are  reasons  for  suitpecting 
it  the  white  substance  of  Scliwnnn  is  a  non-phosphoriKed  fat.  and  thai 
be  axis  rylinder  contains  the  phosphoms  in  an  unoxidizcd  state,  prob- 
ibly  as  a  highly  phosphurizcd  protein  body.     Kvcry  thing  seems  to  in- 
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dicatc  that  Schwnnn'a  snbst&nce  only  dischargca  the  physical  duty  of 
an  isolator.  The  coincidence  between  the  varjTiig  activity  of  the  hepp- 
oirs  mechanism  and  the  varying  quantity  of  oxidized  corapoiuids  of  pbtt- 
phoms  in  the  urine  indicates  in  a  significant  manner  that  tliis  chemicil 
clement  bears  sometiung  more  than  n  passive  relation  to  the  prooeiui 
going  forward ;  and  its  kno^\ii  occurrence  in  the  vesicular  structures,  to> 
gcther  with  its  extraordinary  chemical  relations,  would  prepare  us  lo  ex- 
pect that  it  is,  in  reality,  intimately  concerned  in  all  these  plienoincita. 
Vcsieular  ncrvuus  material  contains  much  less  fatty  matter  than  die 

«       j^      *  tubular,  but  much  more  water.     Thus  Ilauft*  and  Waltba 

Composldon  of   -        ,  .       , 

vMleaUrniat-  fouud  in  tbc  gnty  substance  of  the  bram  trom  8j  to  &6  ptt 

'*''■  cent,  of  water,  and  only  from  4.8  to  4.9  of  tat;  bat  in  the 

corpus  calbsura  they  found  70.2  per  cent  of  water,  and  from  14-5  to 
16.5  of  fat.  From  such  facts  it  would  appear  that  the  presence  of  fat  in 
ncn-ous  material  is  functionally  connected  with  its  pro|>erly  of  conJue* 
tion  or  transmission  of  nervous  influence.  In  the  brain  of  a  child  which 
died  at  birth,  Schlossbcrgcr  found  that  the  coi-pus  callosmn  contuinudiu 
much  water  as  the  gray  matter,  and  that,  compared  with  the  l*nuii  of 
adults,  that  of  new-born  infants  is  richer  in  water  and  pcxner  in  fat.  You 
Bibra  ascertained  that,  within  certain  limits,  the  quantity  of  fat  is  con- 
stant in  tbc  brain ;  that  a  diminution  or  increase  of  fat  in  other  jnuIb  of 
the  system  is  not  accompanied  by  any  change  in  the  quantity  of  brain- 
fat  ;  that  the  proportion  of  fat  in  the  brain  of  man,  other  mammals,  biids, 
amphibia,  and  Cshcs,  diminishes  in  the  order  in  which  their  names  are 
here  mentioned ;  that  the  medulla  oblongata  contains  the  lan^t  per- 
centage of  fat;  that  tlic  quantity  of  bratn-fat  in  old  men  is  a  little  leu 
than  that  of  adults  in  the  prime  of  litb.  lie  also  concludes  that  the 
amount  of  phosphorus  in  brain-fat  is  nearly  the  same  in  man,  other  mam- 
mals, and  birds ;  that  its  percentage  In  the  brain  of  the  insane  does  not 
exceed  the  mean  amount ;  that  the  vesicular  matter  contains  more  pho*- 
phoms  than  the  white ;  and  that  there  is  no  special  comiection  betwnai 
the  intelligence  and  the  amount  of  phosphorus  ;  that  tlie  amount  of  fat  in 
the  brain  of  the  ftetna  is  much  less  than  that  of  the  adult,  tlie  difference 
being  made  up  by  an  excess  of  water,  bnt  tliat  a  great  and  sudden  aug- 
mentation of  fat  occurs  toward  the  end  of  foetal  existence. 

Our  attention  may  next  be  diivctcd  lo  the  methods  of  repair  ot  the 
Mode  of  repair  vcsiculoT  Structures.  Tlieir  waste,  as  just  established,  im- 
of  nervoiu  plics  their  repair.  Here,  as  in  the  muscular  tissues,  the 
wuie.  blood-vessels  conduct  both  operations,  and  the  mode  of  dis- 

tribution of  the  capillaries  is  such  as  to  bring  the  circiUating  current  into 
the  most  favorable  position  for  discharging  this  duty.  The  rcsidea  are 
included  in  the  midst  of  a  network  of  capillaries,  and  it  is  beJicvcd  that 
thcrp  is  a  rcsembknce  between  their  mode  of  growth  and  that  of  the  oella 
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ofrlie  rpidcnnis;  that  is  to  say,  they  arise  from  nuclei  on  tlie  spaces 
vbich  are  nearest  to  the  supply  of  blood,  and  gnulunlly  undci-go  dorcl- 
Opmcnt  aa  they  prcjwirc  lor  conueclion  with  the  tabular  tissue,  assuming 
tht  place  of  cells  that  have  discharged  their  function  and  arc  undergoing 
disutegration.  This  gradual  passing  onward  and  wearing  away  recalls 
t^  changes  in  the  structure  of  tlie  cuticle. 

To  two  of  the  substances  thus  met  witli  in  these  examinations  of  the 
nenroas  Bratcm  our  attention  may  I)C  nrofitahlv  directed.  „.  , 

_-  ',  ,  y  fl    *    '  J.  CliolMlcrino 

These  arc  cholestenne  and  phosplioms.  Of  the  former  we  wd  pbo»]ii)o- 
caa  not  have  fiiilcd  to  remark  that  it  is  a  constant  ingredient  "^ 
in  the  product  of  ihe  action  of  the  liver.  It  is  a  lipoid,  and  is  foiind  in 
biliary  calculi ;  and  though  it  may  he  regarded  in  one  sense  aa  an  excro- 
ncntitions  body,  since  it  occurs  in  fa?cal  matter,  yet  it  also  appears  as 
I  Dormal  constituent  of  the  blood.  It  may  therefore  be  inferred,  if  tlie 
9|union  of  its  existence  in  the  white  substance  of  Bcliwann  be  correct, 
ihat  it  is  one  among  the  various  functions  of  the  liver  to  ])repnro  this 
body.  Of  phosphorus  it  might  be  said,  that  it,  among  the  ciicmical 
elemonts,  is  most  strikingly  characterized  in  its  active  state  by  the  in- 
tensity of  its  ai^nity  for  oxygen.  On  tliis  depends  its  qTiality  of  shining 
in  tlic  dark,  a  quality  whioli  has  given  it  a  name;  but  by  many  agents, 
for  exnmph\  as  cxpoFnre  to  a  particular  temperature,  and  especially 
the  light  of  the  sun,  it  may  be  thrown  into  a  condition  so  completely 
tiist  its  cliemical  energies  disappear.  The  doctrine  that  was  pre- 
In  explanation  of  the  destruction  of  one  part  of  the  system  by  the 
introduced  by  respiration  while  another  is  protected  therefrom,  as  do- 
pendent  on  the  allotropic  condition  of  tliosc  parts,  is  presented  here  again 
in  disoossing  the  destruction  and  repair  of  the  nervous  tissue ;  for  it  is 
eoly  iHien  it  is  nuidy  to  be  removed  that  the  pliosphonzcd  constituent 
■nmes  the  active  state,  and  in  so  doing  gives  rise  to  the  development 
H  force.  On  this  view,  it  would  ap]}ear  that  such  phosphorizcd  com- 
poondfl  are  obtained  from  the  vcgctabtc  kingilom  in  the  food  in  a  passive 
ftate,  the  tissues  of  plants  having  deoxidized  them  under  tlie  inllucnce 
of  thn  "  'it,  whi(ji  Himultaiieously  has  thrown  them  into  the  condi- 
tion f-  ity,  and  perlinps  it  is  the  assumption  of  that  very  condition 
that  is  llie  jfundamcjital  cause  of  their  deoxidation. 

k  By  the  aid  of  the  conclusions  to  which  wc  have  come  respecting  the 
■Dclion  of'neri'O-tubcs  and  vesicles,  as  betrayed  by  tlicir  an-  Funciiontof 
atotnical  struclure,  we  shall  not  have  much  difficulty  in  ex-  ner»-e^iu«ii| 

cviicliA  con- 

plaining  the  offices  of  nervous  arcs  presently  to  l>e  described.  tld«mi  «]««■ 
The  resnits  at  which  wc  thus  arrive,  from  a  consideration  of  ^^i^*'/' 
thoae  oells,  are  singularly  fortified  by  the  electrical  experiments  of  Gal- 
rmnt,  Volla,  Xobili,  and  especially  those  of  Yolkmaim.     Among  these, 
lliree  following  are  of  primary  importance : 
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Ist.  When  n  cotitiniiouH  electrical  current  is  jiasaeU  along  a  centrifu- 
TollmiMin'»  5*^  nerve,  coulractiou  oi'tUc  muscles  wliich  tliat  rienx*  su|i|ilics 
Kaultft.  takes  place,  and  continues  as  long  as  the  electric  current  put- 
es,  without  relaxation,  but  ceases  the  moment  the  current  is  stopped. 

2il.  Wlicn  »  continuous  electric  current  is  passed  through  a  gxngUoii, 
contraction  of  the  rauscles  supplied  by  the  centrifugal  nerves  of  thai  gaij- 
gliou  cnsQcs.  These  contractions  do  not  allenintc  with  relaxation,  ind 
on  stopping  the  current  the  contraction  does  not  cease  as  in  the  pncol- 
ing  case,  but  is  continued  for  a  ]K}nod  of  time. 

3d.  When  a  continuous  electric  cnrront  is  passed  down  a  cenirijieiil 
nerve,  muscular  contraction  of  the  parts  supplied  by  the  correspondiit^ 
centrifugal  nerves  occurs,  and  these  contractions  alternate  with  irUx- 
ations. 

In  view  of  thcae  facts,  wc  are  brought  to  two  conclosionB :  l-'irst,  tlwt 
there  is  n  property  in  tlie  ganglion  which  enables  it  to  hold  in  reserre  & 
portion  of  tlio  influence  brought  into  it^  so  as  to  keep  up  the  action  for  a 
period  of  time  nHer  the  original  disturbing  causes  liavc  ceased*  Soconi 
that  the  structure  of  the  ganglion  is  such  as  to  pcjmit  the  escape  of  iIk 
coming  influence  by  lateral  ways,  either  periodically  or  otherwise,  and  so 
to  produce  from  a  continuous  influence  an  lutemiitthig  effect. 

Bccalling  the  tact  that  a  ganglion  is  made  up  of  ncrvc-tabci  and  vesi- 
cles conjointly,  these  electrical  results  must  find  their  solution  in  the  cJ- 
cmonfary  structure  of  the  ganglion,  that  is  to  say,  in  its  vesicular  por- 
tion ;  for  it  is  not  to  be  supposed  that  n  current  of  electricity,  sut^i  as  vc 
are  here  considering,  would  ever  have  an  opportunity  of  escaping  iniBi 
the  axis  cylinder  along  whicli  it  passes.  The  isolating  quality  of  llie 
white  cylinder  of  Schwann  would  prevent  any  such  effect.  It  is  not  nec- 
essary that  wc  should  embarrass  our^^lves  here  witli  the  fact  that  ^oc- 
trlc  currents  of  sufficient  Intensity  could  make  their  way  out  from  tlie  in- 
terior channel  in  spite  of  its  insalating  investiture,  since  it  is  only  witli 
those  of  a  far  less  power  that  wc  have  to  deal.  Arrived  in  the  Tcstcjc^ 
the.  current  at  once  diffuses  itsrif  throughout  the  granular  material,  just- 
in  tlie  saiiic  manner  tliat  it  would  <liffti8e  throughout  a  spherical  conduct—' 
ing  mass  if  brought  to  it  by  a  wire,  and  escape  therefrom  through  anjr^ 
number  of  similar  wires  that  might  chance  to  be  in  contact  with  the  con-^ 
ducting  mass  beyond  ;  and  thongli  the  main  l)ody  of  the  current  wouU- 
as  may  be  readily  proved,  under  these  circumstances  move  in  a  direct 
line  from  the  point  of  entry  to  the  point  of  e^tit,  there  would  bo  neverthe- 
less a  diffusion  of  part  of  it  tltrough  the  conducting  mass,  no  portion 
thereof  remaining  unaffected.  In  a  good  conductor,  such  ia  a  mctAl,  thia 
laterally  diverging  current  would  instantly  escape,  but  the  case  becomca 
very  different  in  the  less  perfectly  conducting  material,  the  granular  snh- 
fitancc  within  the  cell.     As  in  tlie  secondary  piles  of  Ritler,  which*  when 
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irouglit  info  contact  with  an  active  voltaic  circle,  participate  ,  . 
I  all  its  qualities,  pliysiologtcal  and  chemical^  give  sbcckflf  thL>  Mcontlar/ 
trodacc  decompositions,  and  continue  to  do  bo  for  a  time  aft-  P''**  '*^  *"''*'• 
the  originaJ  influence  liaa  ceased,  so  a  eimiiar  conservation  occurs  in  the 
nterior  of  the  vesicle;  and  this  1  consider  to  !«  the  consequence  of  iho 
bflference  of  structure  of  tho  fibrous  axis  cylinder  and  the  granular  vesi- 
Ic  contents.  Tlic  continuous  lines  along  which  the  infiucncc  has  been 
PDiing  terminate  on  reaching  the  vesicle,  and  are  replaced  Xty  a  divided 
ind  inferior  conveying  structure,  a  structure  which  recalls  at  once  the  sec- 
ndary  piles  of  Bitter  just  alluded  to. 

Wo  may  thci-eforo  truly  say  that  tlicso  electrical  expcriracnts  offer  a 
triking  confimmtion  of  the  truth  of  the  conclusions  to  toin(irtfn«of 
rbicli  we  have  come  from  the  study  of  the  anatomical  struc-  J"5'cl"ctric«i 
BP8  of  a  nervous  arc.  They  assure  us  tliat  a  vesicle,  and  vximinaiioa. 
bFrefbre  a  ganglion,  has  a  double  otficc  to  perform,  the  stopping,  reserve 
V  storing  up  a  port  of  the  influence  which  is  brought  to  it,  and  also 
veying  of  that  incident  influence  into  many  new  channels.  These 
ions  arc  altogctlicr  independent  of  any  conception  of  the  nature  of 
nervous  agent:  it  may  be  identical  with,  or  allied  to,  electricity,  or  it 
be  a  totally  diff<Tent  principle.  It  is  not  that  question  which  wo 
iccming  ourselves  with  now.  We  are  dealing  with  structure  and 
.  interpretation.  Whatever  our  views  may  be  of  the  nature  of  ituierva- 
in,  we  slmll  find  ourselves  constrained  to  inter  that  the  delays,  diver- 
mcc&t  detentions,  and  subsequent  Burrendcr,  the  opjrortunity  of  diverg- 
ig  from  one  into  many  new  channels,  or  conversely  tlipconvergencefrom 
Bany  lines  of  entry  into  a  single  one  of  exit,  with  all  ihc  accompanying 
btcrfei^oees  and  reactions,  tnust  be  common  to  both  tiic  electrical  and 
ho  nervous  agent,  for  they  depend,  not  upon  the  quitlities  of  those  prin- 
aples,  bat  upon  the  anatomical  structure  througli  which  they  are  passing. 
With  these  remarks  I  proceed  to  on  exposition  of  the  typical  construc- 
ion  of  the  nervous  eystcm,  pointing  out  its  successive  com-  nypotheticat 
dications.  The  hyi>othetical  diagrams  which  I  shall  now  ni".'!"''"^ 
irescnt  are  chiefly  for  the  sake  of  impressing  the  conelu-  auUi". 
liona  at  which  we  have  arrivctl  from  a  consideration  of  the  structure  of 
he  nervous  elements,  fibrous  and  vesicular,  the  experimental  dctermina- 
ion  of  those  functions,  and  their  electrical  phenomena.  That  the-oc  dia- 
grams are,  however,  somewhat  more  than  imaginary 
skctclics,  will  bo  obvious  from  a  consideration  of  the 
nervous  mechanism  of  the  orticolata,  wliich  offers 
striking  illustrations  of  them. 

The  simple  automatic  nerve  arc,  J^iff.  122,  consists 

of  an  afferent  or  centripetal  fibre,  a,  connected  contin- 

finyi*  Auuinutfe  4K.     uoualy  with  an  efferent  or  centrifugal  fibre,  e.     An 
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impression  made  on  the  free  extremity  of  a  instantly  produces  a  co>^ 
traction  in  the  muscular  tibrc  ;/<,  wHicli  the  eft- 
rent  branch  e  supplies.  The  wliolc  force  ii  &t 
once  consumed,  no  portion  of  it  remaining. 

The  simple  cellatetl  nerve  arc,  J^iff.  123,  con- 
aistfl  of  ft  centripetal  libre,  a,  whicht  receiving 
impressions  on  its  five  extremity,  conveys  tlioi! 
to  the  vehicle  v,  from  wlticli  the  influence  ps»e» 
forward  along  tLie  centrifugal  fibre  «,  cansing  tk 
simt'ie  ccUaM  >rr.  musculaT  tibro  »).  wliicU  tlic  ncrvc  snppli^  lo 

contract.  An  impression  lundc  at  a  tlienilore  produces  motion  at  j-l 
The  action  is  purely  automatic,  and  a  part  of  the  forco  is  stored  up  or 
rcriiains  in  the  vesicle. 

In  llie  figures  here  given,  the  centripetal  and  centrifugal  fibres  are  rep- 
resented  apart  In  fact,  however,  they  may  be  considered  as  bound  lo- 
pclhcr,  for  t!ic  sake  of  compactness,  wiiliout  tJiere  being  any  fuaion  a 
coalescence  of  structure  or  functions.  It  is  also  to  be  understood  tlist 
the  free  extremity  of  the  centripetal  fibre  is  connected  with  some  epccial 
mechanism  adapted  to  the  infiuence  it  is  to  receive.  Thus  its  axis  crl- 
indcr  may  be  naked,  or  connected  witli  a  vesicle,  or  with  an  appamtm 
for  the  reception  of  light,  or  sound,  or  heat,  or  pressure,  &c. 

Multiple  automatic  nerve  arcs  arise  firom  an  arrangement  of  many  sucli 
simple  arcs  in  succession  longitudinally,  as  in  /Vjr. 
124,  or  it  may  be  in  a  circular  order.  Tlie  former 
case  is  presented  in  the  articulata,  the  latter  in  the  n- 
diata.  Each  symmetrical  portion  of  the  animal  lins 
its  own  nervous  arc,  but  as  such  symmetrical  ijorrioni* 
arc  not  deslined  to  live  an  iudcpendent  life,  but  to  act 
in  unison  witit  the  others,  a  necessity  arises  for  eacli 

ore  to  1)0  brought  in  relnlion  and  maintain  a  conneo* 
M«.ui-.u,r.o«c      ^.^^  ^.j^i^  ^^^  ^jjj^^  ^^j  ^^g  .^  j^^  j^y  extending 

from  ganglion  to  ganglion  fibres  of  communication,  r,  <?,  which  may  Itcrc 
Cammiuunl  hc  Called  commissural  fibres.  So  tlie  circle  of  ganglia  which 
^^*'**-  surrounds  the  mouth  of  tho  radiata  is  not  a  circular  arrange- 

ment of  isolated  ganglia,  but  a  ring  of  ganglia  and  commissures  conjoint- 
ly.  Where  the  uen'ous  system  is  plaiuied  BymmctricaUy  on  tlic  two 
aides  of  the  mesial  plane,  the  ganglia  arc  commissurcd  across  tlie  plane 
to  insure  a  reciprocity  of  action.  Ju  the  molluscs,  whoso  organs  of  ani- 
mal life  show  this  bilafcral  symmetry,  and  which  Iiave  three  such  gan- 
glia, tlic  cephalic,  pedal,  and  parieto-splanchnic,  each  is  commissurcd  witli 
i(9  coUeaf^ic  on  the  other  side  of  the  plane,  or  tliey  arc  brought  uji  to  tho 
plane  and  juxtaposed,  tho  oonmiic^urc  then  disappearing,  but  tltcir  bi- 
lobcd  aspect  betraying  their  separate  construction.     Tlic  coalescence  tirc- 
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qnently  becomes  more  intimate,  and  all  traces  of  the 
origiu&l  double  construction  disappear. 

The  lettcra  reniuiiiing  tlie  same  as  in  t}ie  preced- 
ing diagrams^  J^l//.  12u  represents  the  Tnanncr  of 
commissuring  across  the  mesial  plane. 

As  illuBtrations  of  the  manner  in  which  these 
mechanical  principles  axe  carried  out,  the  following 
figures  are  given. 
J*'iff,  12(»,  nenous  flyetem  of  the  lana  of  the  sphinx  li- 
gustri,  showing  the  successive  arrangement  of  mul-  ...  ^^^lg„^ 
tiple  nerve-arcs  from  1  to  11,  commissured  witli  from  various 
one  another,  and  all  with  the  cephalic  ganglion  *° 
17,  which  is  their  common  register. 

Fit.  lea  J^ig.  127,  the  pupa  condition  of 

the  same  insect,  and  Tvy.  128  iho 
imago.     (Newport) 

J*^i'f/.  129,  ncrvona  Byetcm  of  the 

m^^^»'^     ,      J,4!^      astcria.s,  in   its  elementary  parts. 

It  consists  of  a  series  of  five  gan- 

glia,  ff,  ffi  circularly  arranged  round 
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the  month  of  the  animal,  and  giving  forth 
to  each  ray  a  pair  of  nerves.     (Tiedemann.) 
rtfj.  im.  Fiff»  130,  nervous  system 

of  patella:  /,/,  lateral  ganglia, 
commissured  with  the  cephal- 
ic, which  is  between  them  ;  /, 
the  transverse  or  subocsopha- 
»«»«.  ,7*.^  of  gc«I  ganglion,  commissured  in 
^"^^^  like  manner.     (Cuvier.) 

^g,  131,  nervous  system  of  sepia  octo- 
pus: c  ceplialic  ganglion;  o,  p,  optic  gan- 
glia ;  g,  suboesophagcal  ganglion ;  /,  l,  lat- 
ctbI  Btellate  ganglia;  a,  abdominal  or  vis- 
ccnl  ganglion.    (Cuvier.) 
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Fig.  132,  nervous  system  of  aplysia:  a,  an- 
terior ganglion  ;  c,  ceplialic ;  /,  /,  lateral ;  g^ 
ulHlomitiaL 

III  tUc  mpclianiciU  interpretation  of  the  ncrv-  W  I  p  i  ^7/ 

Function  of  0U8  Bystcm,  thc  action  o(  coniinis- 
conuniMurm.  ^xiitv\  Btrantls  IS  ft  point  of  primajy 
importance.  It  may  be  said  that  they  are  for 
the  jiurposc  of  drawing  otVfrom  iho  nerve  arc  a 
part  of  tltc  infiucnce  which  is  coming  along  tho 
ccntrij>ctul  tihrc,  and  dinK:tiiig  it  into  a  newchan- 
nel.  if  such  coarse  illustrations  arc  ]>ennissi- 
We,  tho  vesicles  act  like  a  tliree-way  cock,  or 
perhaps  like  a  piece  of  looking-glass  with  a 

jNirt  of  thc  foil  removed  from  its  midst;  a  K«mMM«jiteaior»pty^ 
beam  of  light  impinging  upon  it  is  in  part  rctlcctedi  and  part  escapes  1 
liind  tlirough  the  uncovered  space  Tliough  I  liave  deschbcd  the  simpfe 
ccllated  ner\'c  am  as  containing  essentially  a  ganglion  or  vesicle,  it  is  net 
to  be  supposed  that  such  a  structure  necessarily  impresses  any  chugi 
ou  tho  incoming  influence  Since,  tf  wo  irritate  a  centnpetal  fibre,  mus- 
cular motion  may  ensue  from  propagation  of  that  irritation  through  tlM 
ganglion,  and  if  wo  irritate  a  centrifugal  fibre,  muscubr  motion  equally 
ensues,  it  is  quite  clear  that  in  thc  so-called  action  of  reflection  by  the 
ganglion  thcro  is,  in  rcalit}'',  no  cliangc  in  tho  intiuence  whicli  has  1>eeo 
brongijt  along  the  centripetal  fibre.  Thc  same  impression  on  any  part 
of  thc  nervous  arc,  no  matter  on  which  side  of  tlio  ganglion  it  vniiv  be 
made,  will  produce  thc  same  muscular  result. 

Such  considerations  therefore  lead  us  to  suspect  that  nothing  takca 
Act  «f  TvHec-  place  in  thc  ganglion  which  justifies  such  an  expression  aa 
tion.  *4,  n(.{  pf  reflexion"  or  **  reflex  action,'*  terms  whlcli  eo.ivcy  an 

idea  that  the  influence  wliich  passes  in  thc  two  branclics  of  the  nerre 
arc  is  difll-rent,  the  difierencc  having  been  established  or  brought  on  by 
thc  ganglion.  Tliey  confirm  the  opinion  ttiat  the  gangUon  has,  for  one  of 
its  primary  duties,  thc  function  of  permitting  an  escape  of  the  influence 
passing  in  the  interior  of  thc  centripetal  fibre  into  new  channels  for  the 
establishment  of  new  results. 

In  the  simple  automatic  nerve  are  the  impression  and  the  effect  aie  in- 
imiunitiiBotw  stantaneous.  An  irritation  of  tho  centripetal  branch  pro- 
«ction  nf  tbu  duces,  without  any  sensible  internal  of  time,  muscular  con- 
» inp  P  »rv.  traction  tlirough  the  action  of  the  centrifugal  branch,  and  that 
contraction  ceases  the  moment  the  impression  is  over.  But  the  open* 
llwm<i»c(loQ  ing  out  of  the  nerve  arcs  by  the  introduction  of  a  vesicle 
of  eolUtcd  «rc«.  permits  a  part  of  thc  influence,  whatever  it  may  bo,  to  be 
drawn  off,  and  this,  now  passing  along  the  commissural  line,  may  be  dis- 


REOISTEWXO   SERVE  JJtC 


I 
I 


JV.  133. 


pOBod  of  in  two  rliffercnt  ways :  1st.  The  influence  thus  drawn  off  may 
bo  iiistantaneoufily  consumed  or  utilized  by  exciting,  through  adjacent 
simple  Ares,  synchronous  movements ;  ori  2d.  It  may  Le  held  in  rcsen-e 
for  future  use  by  being  carried  along  the  commissure  to  a  receivuig,  or, 
as  I  mav  term  it,  rc^stcriiig  ganglion. 

This,  therefore^  intro<luccs  a  more  complex  mechanism,  which  may  be 
designated  as. 

The  registering  nerve  arc,  the  typical  construction  of  which  is  rcpro- 
scntcd  in  Fr^.  133,  In  tliis  we  have  tlie  Rcfc-isiering 
centripetal,  «,  and  centi-ifagal  fibre,  e,  as  be-  "*f*«  *"*• 
fore,  in  connection  with  their  central  vesicle,  v;  but, 
passing  from  that  central  vesicle,  a  commissiiral  fibre, 
<•,  offers  a  channel  of  escape  of  a  port  of  the  influence 
which  80  roaches  the  registering  ganglion,  r\  and  makes 
a  permanent  impression  upon  it  by  tUsturbing  its  con- 
tecii«MUi«  MIT*  are.  ^(jon  phvsically  or  chemically ;  and,  since  many  ncrv- 
oas  arcs  may  be  thus  cominissured  upon  the  same  registering  ganglion,  it 
thus  Iteconies  for  them  all  a  central  jwint  of  deposit  and  a  centre  of  com- 
mon action.  And  in  this  manner  not  only  is  a  temporary  VarUbt«  tt- 
inflttence  converted  into  a  permanent  impression,  but,  from  [^-'*riaij/i^ 
the  interaction  of  sncli  impressions  upon  one  another,  new  iTc»ioi». 
and  variable  results  anse.  8ome  illustrations  were  given  a  few  pages 
back  of  the  development  of  the  variable  from  the  invariable  in  tlic  case 
of  certain  ordinary  physical  phenomena,  and  tliesc  may  be  profitably  re- 
ferred to  again. 

A  modification  of  the  registering  nen-e  arc  is  presented  in  Jut/.  134, 
FVy.  lat      which  exhibits  the  suppression  of  tlic  centrifugal  ^^  ^,,re»,i„n  of 
branch,  the  whole  inflaencc  received  passing  along  crii:rifu«ai 
tiie  commissural  line  to  the  registering  ganglion.    '*"^  ' 
Tliis  condition  of  things  may  occur  when  tho  centripetil  branch 
at  its  free  extremity  is  involved  in  a  ineclianipm  of  spo<'ial 
sense,  olfactive,  ophthalmic,  or  auditory.     No  part  of  t!ic  ini- 
IiTCssion  thus  received  is  necessarily  cxjiendcil  at  once :   the 
supfm^ua    whole  may  be  thus  retained,  and  utilized  at  a  future  time. 
KUbrudi.    The  introduction  of  the  rcgislenng  ganglion  is  thus  the  m- 
trodtiction  of  the  clement  of  time  in  a  living  mechanism.      In  the  lower 
forms  of  are  an  impression  is  instantaneously  expended,  in  tliis  it  is  pr&-' 
served. 

The  common  centre  or  register  of  whatever  impressions  have  been  ro- 
ceivwl  by  tlie  special  sense  instruments,  oltiictivc,  ophthalmic,  or  auditory, 
as  well  as  impressions  of  a  general  tactile  kind,  is  doubtless 
to  \te  properly  reganled  as  the  ReiiHorium.     Though  animals 
constituted  on  this  tj'pc  accomplish  many  vuriaijle  actions,  that  variabil- 
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ity  is  osscntiolly  ami  purely  automatic.  A»  sucii  may  be  regaidod  llie 
instinctive  actions  of  becs^  any  two  of  which,  if  placed  under  the  ssnc 
circumstances,  act  with  undcviating  certainty  in  the  same  way,  Tbc 
whole  career  of  lite  of  one  of  these  insects  is  the  whole  career  of  any  otli- 
er.  Tlioy  build  llieir  corahs  now  in  llie  same  way  that  they  did  a  tlioii- 
sand  years  ago ;  their  daily  doings  arc  the  same  as  they  liave  ever  been, 
Kxccpt  as  TeffCCts  a  particular,  hercat'tcr  to  be  pointed  out,  they  majle 
regarded  as  automatons. 

The  introduction  of  a  registering  ganglion  necessarily  gives  riae  to  an 
Kttortorthoin-  extension  of  the  physical  relations  of  an  animal  by  connect- 
.i^JJ^-riT-"  *  *"S  ^**  present  existence  with  antecedent  facts,  for  the  gan- 
'  gaofjEiion.  glion  at  ajiy  moment  contains  the  relics  of  all  the  impres- 

sions that  have  been  made  on  it  up  to  that  time,  and  these  exert  their  iii- 
flnencc  on  any  action  it  is  about  to  set  up.  In  virtue  of  them,  the  nen- 
ons  mcclianism  has  now  the  power  of  modifying  whatever  impressiolu 
may  be  made  on  its  centripetal  nerves,  and,  within  certain  limits,  of  con- 
verting them  into  different  re^iults.  Yet  still  the  automatic  condition  is 
none  the  less  distinct,  and  still  the  initncdiate  source  of  every  action  is  to 
be  found  in  external  impressions. 

An  increasing  complexity  of  nervous  structure  is  next  evidenced  by* 
SooMtryud  division  of  the  registering  ganglion  into  two  portions,  whicli. 
BMCerlobc*.  ^ji,  gQ0]e  incorrectness,  may  be  designated  sensory  and  mo- 
tor lobes,  a  division  which  is  preparatory  to,  and,  indeed,  obviously  con- 
nected with,  the  introduction  of  a  totally  new  method  of  action  and  sooree 
of  power. 

In  J^iff.  135  we  have  an  ideal  sketch  of  tliis  new  condition  of  things. 
piy.  no.  "^^'^  letters  used  in  the  preceding  cases,  in  tliis  refer  again 
to  the  same  parts.  But  now  it  is  seen  in  addition  tbil 
the  registering  ganglion  has  assumed  a  bilobeJ  aspedt 
8  w»,  the  letters  respectively  indicating  its  sensory  and  mfr 
tor  portions,  or,  to  use  the  languo};^  of  human  anatomy,  i 
thalamus  and  corpus  striatum.  From  these  there  hrandi 
off  commissural  lines,  radiating  to  a  hemispherical  collec- 
tion of  vesicular  matter,  c  c,  the  representative  of  a  cere- 
brum. 

Assuming  the  registering  ganglion  as  a  centre,  the  txc- 
like  arrangement  on  eitlicr  side  of  it  is  symmetrical,  as  is  shown  in  J'ig- 
Thpinanfln-  135.  And  since  it  will  facilitate  our  consideration  to  intro- 
tuiarv.  ^^p^,  iigyc  distinctive  terms,  I  shall  designate  the  external  arc, 
wiiich  is  in  relation  with  the  external  world,  as  the  automatic  arc,  and 
the  inner  one,  which  is  in  relation  with  the  cerebrum,  the  influential  arc. 
Tlu-oughout  this  work  I  have  constantly  assumed  the  existence  of  an 
intellectual  principle,  spirit,  or  soul,  whose  links  of  connection  with  tlie 
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lextfmal  world  arc  tlie  sensory  ganglia  and  tlic  cerebral  Evidenwofrbr 
ilicntisplici'cs.  We  may  now  protitablv  inquire  whether  any  pxiaieoccofihe 
|<tfgttnient  in  beiialt  o\  the  existence  of  such  an  agent  ma/  rramranibral 
lie  g»tlicrc«I  from  tiie  anatomical  and  physiolo^cal  I'aclB  just  "t^t^uf*- 
||>reacute(l,  or  whellier  wc  must  assume  it  as  a  postulate,  relying  for  proof 
K>D  evidences  of  a  totally  clitlcrcnt  churacter  to  those  which  are  presented 
%y  tlic  acience  now  engaging  our  attention.  It  is  to  be  greatly  regretted 
that  evidence  drawn  from  structural  arrangement  lias  hithertOt  by  very 
ibigh  authority,  either  been  totally  cast  aside  or  held  in  very  light  esteem. 
It  is  still  more  deeply  to  be  regretted  that  those  who  should  have  known 
ibetlcT  have  or>uceded  the  argument  that  from  no  consideration  based 
mpon  anatomical  or  structural  arrangement  could  proof  be  obtained  of 
ilte  existence  of  au  immaterial  principle.  Kvcn  by  sucli,  the  study  of 
^jsioiogy  has  been  designated  as  leading  to  materialism,  and«  witli  an 
injasticc  which  can  not  be  too  emphatically  reprobated,  the  scandal  has 
loften  been  quoted,  tliat  where  there  aro  thiec  physicians  there  arc  two 
Atheists. 

I  Dut  what  if  it  abould  turn  out  that,  from  the  study  of  the  cerebral 
(mechanism,  distinct  pnx>f  can  be  obtained  on  tliis  point- — proof  of  just  as 
JMgent  a  nature  in  support  of  the  doctrine  of  the  existcuce  of  the  soul 
ks  tJiat  which  we  have  of  the  existence  of  tlie  external  world,  and  of  pre- 
oaely^  the  same  character?  Without,  therefore,  occupying  myself  with 
Ivocb  other  evidence  as  might  be  drawn  f  om  theological  or  metaphysical 
WmrccB,  and  whicli  are  thcrctbre  extraneous  to  the  object  of  this  work,  £ 
shall  proceed  to  ]>oint  out  ouch  considerations  as  naturally  offer  them- 
iselves  to  our  minds  when  we  recall  the  general  structure  of  the  nervous 
iftpparatus.  Hei>eating,  therefore,  such  facts  as  may  be  necessary  for  the 
Mropcr  understanding  of  this  uitcresting  argument,  I  present  it  as  follows: 
I  The  simple  cellated  nervous  arc  consists  essentially  of  these  portions, 
«  centripetal  fibre,  a  vesicle^  and  a  centrifugal  fibre  ;  the  cen-  j^^,^^,  ^.j. 
tnpetal  tilwe  may  liave  at  its  outward  or  receiving  extremity  nwcimium  of 
jvmicolar  or  cellular  material.  Tiiua  constituted,  this  mech-  *  **""  "** 
lanUro  is  ready  to  receive  external  impressions,  which,  if  such  language 
jnay  be  approprintely  used,  are  converted  or  reflected  in  pai-t  by  the  gan- 
Iglion  into  motions,  and  the  residue  retained.  IJut  the  arc,  viewed  byit- 
•cll'.  is  a  mere  instrument,  ready,  it  is  true,  for  action,  but  possessing  no 
interior  p>wcr  of  its  own.  It  is  as  automatic  as  any  mechanical  con- 
Itrivancc  in  which,  betbrc  a  given  motion  cau  be  made,  a  certain  spring 
isnoat  be  touched. 

i.    The  essential  condition  of  the  activity  of  such  a  nervous  arc  b  thero- 
ifcre  the  pre«enoeaud  inllucnce  of  an  external  agent — a  some-  jj^„i„,  ,„ 
Itliing  which  can  commence  the  primitive  impression,  for  with-  Kxtarnai  igtot 
|Out  it  the  meclianism  can  display  no  kind  of  result.     31ore- 
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ovcT,  there  must  be  an  adnptatiou  hctvreen  the  naturo  of  thnt  agent  tnl 
the  structure  tlms  brought  in  relation  with  it,  as  13  strikingly  illustrate! 
by  each  of  the  organs  of  sense.     Thus  ihc  peripheral  extremities  of  the 
tibrili;  of  the  optic  ncn*c  arc  involved  in  a  combination  of  a  purely  pbvs- 
ical  kind,  having  relation  to  the  projwrtics  of  light:  the  convex  suitaos 
of  the  cornea,  the  unequicun^d  lens,  the  diaphrB^ntic  iris,  the  tnteiioi 
investiture  of  black  pi^cnt,  these  are  all  structures  the  object  of  which 
we  cleariy  understand.     \Vc  know  that  the  rays  of  liglit  must  undergo 
i-cfraction  at  the  curved  surfaces  upon  which  tliey  are  incident,  and  de- 
pict the  images  of  external  forms  on  tlie  retina  or  black  pigment,  the  irii 
expanding  or  contracting,  as  the  case  may  be,  to  regulate  the  entrance  of 
A<i«|ititim)  he-  the  light.     So  completely  do  we  admit  this  principle  of  M 
ln7ui?"ch"'  at^T^at'on  of  atructure  to  the  nature  of  the  agent  which  is 
iiiiiMa.  to  set  it  in  activity,  that  in  this  particular  instance,  ^vitiioat 

any  hesitation,  we  class  the  eye  among  opticjd  instruments,  and  incluie 
lis  description  in  our  optical  treatises.  Hut  in  the  same  manner  that, 
starling  from  the  well-known  properties  of  light,  we  advance  to  Ihc  ex- 
planation of  the  uses  of  each  of  the  various  jmrts  of  the  eye,  thei-e  can  bo 
no  doubt  that  tlie  converse  of  lliis  mctltod  of  reasoning  would  be  possi- 
ble to  an  intellect  of  sutficient  power,  who,  from  a  full  consideration  of 
the  structure  of  the  eye,  miglit  determine  the  properties  of  light,  goided 
in  doing  this  by  the  principle  that  there  must  bo  an  adaptation  between 
such  structures  and  sncli  properties;  and,  in  (lie  same  manner,  a  nun 
deaf  and  dumb,  but  of  an  intellect  of  great  capacity,  might  donbtless, 
from  the  critical  study  of  the  construction  of  the  ear,  determine  the  na- 
ture of  sounds.  Nay,  even  more,  it  is  not  impossible  that  he  should  be 
iible  to  compare  together  the  physical  peculiarity  of  llie  movements  which 
constitute  light  or  sound  respectively,  and  to  demonstrate  that  these 
originate  in  normal,  and  those  in  transverse  vibrations. 

tio,  tlicreforo,  tliesc  problems  ]>reftcnt  themwlves  Ainder  a  doable  aspect, 
XaiuTTorio-  and  arc  capable  both  of  a  direct  and  an  inverse  solution: 
?(S^*'irfS!^  Given  the  nature  of  ligiit,  to  determine  what  must  necessarily 
l«a».  be  the  constniction  of  the  organ  of  ^^^ion  ;  or.  Given  the  con- 

struction of  the  eye,  to  determine  what  ia  the  nature  of  light;  and  the 
same  might  be  said  of  tlic  organ  of  hearing.  Tliis  inverse  method  of 
treating  natural  agents  is  still  in  its  infancy,  l>ccau8c  of  the  extreme  im- 
])erfection  of  our  knowledge ;  but  donbtless  wiiat  has  been  said  will  r^ 
call  to  tlic  mind  of  the  reader  tlie  parallel  example  which  is  furnished  by 
astronomy,  and  which,  within  a  tew  years  past,  has  yielded  such  a  splen- 
did result.  The  mass  of  a  planet  being  known,  tiio  perturbations  which 
it  can  cause  in  another  arc  cajKible  of  direct  computation,  but  it  was  re- 
served for  Lcven-ier  to  discuss  the  inverse  prctblcm,  and  from  the  per- 
turbations to  find  the  place  of  tlie  planet,  Tlie  discovery  of  Neptune 
wns  the  result. 
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Xow  the  problem  we  arc  dealing  witb  is  of  this  inverse  kinJ.     It  may 

be  sUitcd,  Given  the  structure  of  the  cerebrum,  to  dctcnnine  the  nature 

of  tiie  agent  that  acts  it  in  action.     And  licrein  the  fact  which  cliipny 

guides  na  ia  the  absolute  analogy  in  conatruction  between  the  clcinentaiy 

urmngcuicnt  of  tite  cerebrum  and  any  other  ncr^-oas  arc.     In  it  we  pluitilv 

ncoguize  the  centripetal  and  centrifugal  tibres,  and  their  con-  Extenml  imtu- 

Tci^nce  to  the  sensory  ganglia,  the  corpus  striatam  and  f"r  J^*^,"!!^', , 

optic  thnlamns;  we  notice  the  vesicular  material  at  their  liainm 

external  periphery  as  presented  in  the  convolutions  of  the  human  brain  ; 

ftod  if  in  other  nervous  arcs  the  structure  is  merely  automatic,  and  can 

display  no  phenomena  of  itj^clf,  but  requires  the  influence  of  an  external 

agent — if  the  optical  apparatus  be  inert  and  wiihout  value  save  undur 

the  inflaencea  of  light — if  the  auditory  apjiaratus  yields  no  result  save 

under  the  impressions  of  sound — since  there  is  between  these  stniclures 

and  tlic  elementary  structure  of  the  cerebrum  a  perfis;t  analogy,  we  are 

e&tiUod  to  come  to  the  same  conclusion  in  this  instance  as  in  those,  and, 

aaaening  tlie  absolute  iiiertncas  of  the  cexebral  structure  in  itself, 

to  impute  the  phenomena  it  displays  to  an  agent  as  i«?rfectly 

external  to  the  body  and  as  independent  of  it  as  are  Hght  and  sound, 

and  that  Agent  is  the  soul. 

It  would  not  comport  with  the  olyect  of  this  work  to  pursue  this  ar- 
gument in  its  details,  yet  I  can  not  forlxxnr  observing  that,  even  so  far  as 
wo  have  already  advanced,  t!ic  point  which,  al'ter  all,  is  of  the  utmost 
importance,  is  completely  attained.  Those  who  have  accused  physiology 
of  tending  toward  materialism  Iiave  never  duly  weighed  tlie  accusation 
tkey  make,  and  certainly  have  never  undcretooil  the  nature  of  the  argu- 
ne&ts  it  can  present ;  for  such  as  the  one  hero  imperfectly  set  forth,  from 
thor  tangible  nature,  will  commend  tlicmselvcs  to  many  minds  wlio  do 
not  appreciate  the  strength  of  purely  metaphysical  arguments,  and  herein 
they  may  become  subsenient  to  the  highest  and  most  enduring  interests 
of  oiir  race. 

And  thus  it  may  l»e  proved  that  those  aclions  which  wo  term  intellectual 
do  not  sprinjT  from  mere  matter  alone,  nor  ore  they  functions  ,  ,  , 
of  mere  material  combinations;  for  though  it  is  indisputably  and  immorul- 
troe  that  the  mind  seems  to  grow  with  the  bodily  stnicturo,  "^'  **^  "*"  **"'* 
and  declines  with  it,  exhibiting  the  full  jwrfection  of  its  powers  at  the 
period  of  bodily  maturity,  it  may  be  demonstrate!  tiiat  all  this  arii«es 
from  tlie  increase,  perfection,  and  diminution  of  iho  instmment  tlirough 
which  it  is  working.  An  accomplished  artisan  can  not  display  his  |M>wcr 
through  an  imperfect  tool,  nor,  if  tlie  tool  shouKl  Ijc  broken,  or  become 
QMlttss  through  impairment,  is  it  any  proof  that  the  artisan  has  ceased  to 
cxi«t;  and  so,  though  we  admit  that  tliCJC  is  a  correspondence  lietween 
the  development  of  the  mind  and  the  growth  of  the  UmIv,  wc  deny  that 


it  follows  from  that,  either  that  the  mind  did  not  pre-exist,  t 
death  of  the  body  implies  ita  annihilation. 

IT  it  fell  witiiin  the  compass  of  our  plan,  we  might  proceed  to  cotuidei 
0  'loioo  WW  ^'^"^  ^'^'  ftinoc  the  mind  can  act  upon  externa)  nature  thro^ 
Bjxciiiiit  tiic  the  intervention  of  the  bodily  tnechanism,  the  convciw  it 
loaUoIlIrtniD.  po^ible ;  how,  since  the  face  of  things  around  us  can  U 
ed  bv  (litTeroot  changed  by  our  volunlar}*  exertions,  tlie  intellectual  faculliei 
may  be  ciiangcd  by  the  action  of  external  nature  through  the 
bodily  mechaniam.  And  since  we  ha>'c  established  the  existence  of  the 
intellectual  principle  as  external  to  the  body,  we  might  proceed,  for  now 
wo  are  entitled  so  to  do,  to  reason  respecting  its  nature  trom  the  phenom- 
ena it  displays.  1  do  not,  however,  pro]M>sc  to  enter  on  those  considcn*- 
lions  now,  and  shall  close  these  remarks  with  a  reference  to  some  doc- 
trines pro])oscd  hy  the  most  liighly-advaneed  and  inloUcutuul  portti 
the  human  family. 

It  ia  said  that  the  ppirit  of  mnn  is  created  in  the  image  of  God, 
servation  eirtkingly  illustrated  by  the  fact  that,  as  regards  both,  two  ea- 
senlially  different  doctrines  have  been  held — the  pantheistic,  by  some  of 
the  most  highly  advanced  of  the  Asiatics,  snd  the  anthro]tomor|>hic,  br 
the  ICuropcaus.  The  pantheistic  su])poses  tho  buiuan  soul  to  be  a  part 
of  the  Deity,  and  thcrdbro  devoid  of  form ;  the  anthropomorphic  as  hav- 
ing the  likeness  of  the  body.  The  Asiatics,  then,  regnrdinj;  the  Dciiy  m 
a  principle  dltfuscd  in  and  tluroughout  nature,  consider  the  spirit  of  msn 
n»  a  part  or  portion  thereof,  and  often  use  sucli  illustrative  allusions  as 
those  of  a  drop  of  water  in  the  ocean,  a  spark  of  a  universal  and  vital 
itamc ;  or,  if  they  do  not  accept  this  view  of  a  oneness  in  tlic  nature 
spirit  and  Deity,  they  regard  the  former  aa  arising  in  some  tDanncr  fi 
the  latter,  just  aa  waves  may  exist  upon  the  sea,  or  sounds  may  arise 
the  air.  They  believe  that  at  death  there  is,  as  it  were,  a  rennion  of 
{mrt  with  the  whole,  as  every  drop  of  water  sooner  or  later  iinds  its  way 
back  to  the  sea,  or  waves  l)ocome  quiet  and  disappear,  or  sounds  die  a 
in  the  air. 

But  with  Kuropean  nations  there  has  been,  from  their  very  infancy^ 
tendency  to  the  anlhn^pomorphic  conception.  The  barbanans  before  the 
Komnn  empire,  in  their  legendary-  fables,  accepted  the  idea  of  dUembod- 
ied  spirits  under  the  sliapc  of  men,  and  through  the  inter\'ening  ages  ap 
to  our  own  times,  such  notions,  under  various  forms,  luvc  bt^n  lield. 
The  rural  populations  entertain  an  undoubted  faith  in  fairies  and  g^hosls, 
80  that  it  might  be  asserted  that  this  manner  of  viewing  tho  thing  is 
almost  natural  to  us-  We  instinctively  represent  to  ourselves  in  tliia 
way  the  immaterial  principle,  and  in  the  case  of  each  individual  expect  a 
corre3|K)ndence  between  it  and  his  bodily  form.  Whatever  may  be  our 
authority  for  arriving  at  such  a  conclusion,  there  can  be  no  doobt  that  it 
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so  specializes  and  intensiHea  our  ideas,  and  is  so  connected  with  many 
of  OUT  most  highly  cherished  recollections,  that,  even  were  the  evidence 
in  ita  belialt'iiu-  weaker  tlmn  it  actually  is,  we  should  look  without  favor 
on  any  attempt  to  iuvalidate  the  doctrine,  and,  if  forced  to  do  so,  should 
abandon  it  witli  regret.  The  jianthciatic  ia  a  grand  but  cold  philosopli- 
ical  idea;  the  anthropomorphic  embodicfj  our  recollecliona,  and  rc-stoi-es 
to  US  our  dead.  The  one  ia  tlie  dream  of  tJie  intellect,  the  other  is  tho 
hope  of  the  heart. 

We  have  thus  traced  out  the  esaentiai  elements  of  the  nervous  m»- 
cluiie  in  its  highest  complexity,  and  shown  its  gradual  rhse  luiiMTfcction 
from  the  purely  automatic  to  the  influential.  We  may  there-  "J'n^fopj'.^io. 
fore  comprehend  the  difficultiea  under  which  metaphysicians  itou». 
Ubor,  who  confound  all  these  i^arts  and  all  these  f\inctions  together,  and 
poas  over  as  of  no  account  the  guiding  indications  which  are  iurnished 
by  the  study  of  structure  It  ia  not  difficult  for  the  j)hy8loIogist,  en- 
liglitened  by  the  knowledge  he  possesses,  to  recognize  the  various  points 
at  which  tlwse  philosophera  go  astray — the  point  at  wluch  iheir  theories 
cease  to  be  rcpresentationsof  the  truth,  lie  acknowledges  the  existcnco 
of  an  extcinul  nature,  and  equally  the  existence  of  an  imniateriul  spirit, 
and  to  their  action  on  or  relation  to  each  otlier  he  traces  the  resulting 
phenomena.  He  admits  that,  among  certain  classes  of  life,  every  motion 
and  everj-  scnsalion  ia  due  to  external  nature  alone,  but  to  tliese  purely 
automatic  groups  man  does  not  hclong.  He  repudiates  tlic  doclriiu'is  of 
the  idealist,  because,  tliough  they  may  maintain  themselves  in  the  uncer- 
tainties of  metaphysical  argument^  they  are  dissipated  at  once  in  the  more 
severe  trial  of  anatomieid  discussion. 

Tiicre  are  two  fundamental  ideas  essentially  attached  to  all  our  per- 
ceptions of  external  tilings:  they  are  si'ACE  and  time,  and  rroTisionimu 
for  these  an  early  provision  is  made  in  t!ic  ncnous  mechan-  r^TiiMVof '*'" 
ism,  while  yet  it  is  in  an  almost  rudimentaiy  stale.  The  fp*™  apd  time. 
development  of  tlie  eye  and  tlie  ear,  as  we  simll  more  particularly  find 
when  wc  come  to  the  description  of  these  organs,  is  for  tlds  purpose.  In 
a  philosophical  respect  tlie  eye  is  the  organ  of  space,  and  tlic  e^ir  of  time ; 
the  perceptions  of  which,  by  the  elaborate  mechanism  of  tliese  structures, 
become  infinitely  more  precise  than  would  be  possihle  if  the  sense  of 
touch  alone  were  resorted  to.  The  indications  tims  gathered  are  trans- 
milted  by  the  optic  and  auditory  nerves  respectively  to  tlic  brain. 

In  its  highest  condition  of  development,  the  nervous  mechanism  has  a 
threefold  operation,  objective,  subjeetive,  and  tnijiersonal.  orj«ciiva,vab- 
Objeclivc  ideas  arise  in  external  facts ;  subjective  in  register-  Ki^j^'^op. 
ed  impressions;  the  impersonal,  as,  for  example,  the  abstract  cratioo*. 
trutlia  of  geometry,  issue  of  pure  reason,  and  arc  therefore  to  be  attrib- 
uted to  the  essential  nature  of  the  souL  Of  these  three  elementary  con- 
stituents all  human  Icnon'ledge  consists. 


288 


TESnOES  OF  QANGUOKIC  IJHr&fSSIOSS. 


Aft  respects  Hubjective  or  registereO.  impressions,  a  few  rctnorka  mar 
,       ,  be  here  made.     There  caii  not  be  a  doubt  Uiat  the  recisw 

lIlMtralionsof  .      ,  ■       .* 

ih«  veMigu  or  of  impressions  involves  an  actaol  structural  chiingc  m  tw 
iiiipmwuft).      ganglion,  which  is  of  a  permanent  character.     These  chaogct 
mar  be  rudely  and  imperfectly  illustrated  by  experiments,  such  aa  Ipob* 
lishctl  years  ago,  of  wliich  the  following  may  be  taken  as  examples:  U 
on  a  cold,  polished  piece  of  metal,  any  object,  as  a  wafer,  i^  laid,  and  ibe 
metal  then  bo  breathed  upon,  and,  when  the  moisturo  hiia  iiad  time  ts 
disap|>ear.  the  wafpr  be  tiirown  off,  though  now  upon  tlic  jiolishcd  surfius 
the  most  critical  inspection  can  discover  no  Imoe  of  any  fonn,  if  wo 
breathe  ujKin  it  a  Bj^ectral  figure  of  tlic  wafer  comes  into  view,  and  Uiii 
may  be  done  again  and  again.     Xay,  even  more ;  if  the  polished  metal  to 
carefully  put  aside  where  nothing  can  deteriorate  its  surface^  and  be  so 
kept  for  many  months  (I  have  witnessed  it  even  after  a  year),  on  brvalh- 
iug  again  upon  it,  tlio  sliadowy  form  emerges ;  or,  if  a  sheet  of  pa.i>tt  an 
which  a  key  or  otlier  olyict  is  laid  be  earned  for  a  few  momenta  into  tfaa 
sunshine,  and  then  instantaneously  viewed  in  the  dark,  tlie  key  being 
simultaneously  removed,  a  fading  spectre  of  the  key  on  the  paper  will  be 
seen ;  and  if  the  paper  be  put  away  where  notliing  can  disturb  it,  and 
80  kept  for  many  months,  at  the  end  tliercof,  if  it  be  cairied  into  a  daA 
place  and  laid  on  a  piece  of  liot  metal,  the  spectre  of  the  key  will  coivk 
fortli.     In  the  case  of  Iwdies  more  highly  phosphorescent  than  paper,  the 
spectres  of  many  different  objects  wliich  may  have  been  in  successioo 
laid  originally  tliereujKin  will,  on  warn>ing,  emerge  iu  their  projjer  order. 
I  introduce  these  illustrations  for  the  pur})Ose  of  showing  how  trivial 
ore  the  impressions  which  may  !«  thus  registered  and  presented.     li>- 
dced,  I  Ijclievc  that  a  shadow  never  falls  upon  a  wall  without  leading 
thcrcujx)n  its  [>ennancut  trace — a  trace  whicti  might  be  made  A*isible  by 
ri'sortijig  to  ]»ro]KT  pix)ces8e3.     All  kinds  of  photogmphic  drawing  are  in 
their  degree  examples  of  the  kind.     Of  the  moral  consequcncca  of  such 
facta  it  is  not  my  objoct  liere  to  speak.     Tho  world  would  be  none  the 
worse  if  cvorj-  scrrct  action  might  thus  be  made  plain.     But  if  on  such 
inorganic  surfaces  impressions  may  in  this  way  bo  preserved,  how  much 
more  likely  is  it  that  the  same  tiling  occurs  in  the  purposely-constituted 
ganglion!     Not  tluit  there  is  any  necessary  coincidence  betwe<^n  an  ex- 
ternal fonu  and  its  ganglionic  impression  any  more  than  there  is  be- 
tween the  letters  of  a  message  delivered  in  a  telegraphic  office  and  the  sig- 
Intarpreiaiion  ^^  whioh  the  telcgniph  gives  to  the  distant  station,  yet  these 
oTsBchTM-      sigiuds  are  cjisily  relranslated  into  the  original  words — no 
*****  more  than  there  is  between  the  letters  of  a  printed  |Migc  and 

the  acta  or  scenes  they  may  chance  to  describe,  but  those  letters  call  up 
with  clearness  in  the  mind  of  the  reader  the  events  and  scenes.  Indeed, 
the  <xuickncss  with  wliich  the  mind  interprets  isach  traces  or  impreaaiODS 
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Ik  its  registering  ganglia  is  illustrated  by  the  rapidity  with  which  we 
»lher  the  sense  of  a  printed  page  without  individoalizing  each  of  the 
nters  it  contains,  or  as  a  ukilll'ui  accountant  runs  his  eye  over  a  long 
)iuinn  of  figures,  and  seems  to  come  by  intuition  at  once  to  thc>  correct 
im.  Tbe  capability  whicli  we  thus  possess  of  determining  a  final  per- 
iption  or  judgment  of  result^  without  dwelling  on  tlie  intcnnodiato 
■ees  or  steps,  is  also  illustrated  by  our  appreciation  of  music  without 
mcentrating  our  thonghls  on  the  time  and  intensities  of  vibration  or  in- 
rlercnces  of  the  notes,  though  these  matliematical  relations  are  at  the 
rry  bottom  of  the  harmony ;  and  conspicuously  does  the  Supreme  In- 
U^genoe,  Clod,  reach  with  unerring  truth  to  every  final  result  without 
ly  necessary  concern  in  tlie  intermediate  steps. 

Krom  the  preceding  considerations  we  may  infer  that  there  is  a  neces- 
try  limitation  of  the  amount  of  impressions  capable  of  being  j..^. 
igistered  in  the  organism,  and  therefore,  in  this  regard,  all  or  human 
bnuui  knowledge  is  finite.     Yet  its  term  is  much  farther  off  ^'"***«'k^ 
Inn  might  at  tirst  sight  appear.     A  hbrar>'  of  a  given  size  may  only  be 
jble  to  contain  a  given  number  of  books  upon  its  shelves,  but  tlie  amount 
I  information  it  is  capable  of  containing  may  be  made  to  vary  with  the 
Indentation  and  perspicuity  of  the  books. 

r  In  the  hypothetical  langtiage  of  physiology,  the  nervous  centres  are 
boken  of  as  the  origin  of  tlie  nervous  influence  or  force,  A  cootiiwioo  n- 
loee  examination  of  the  phenomena  they  display  leads  us,  "p^iin*  **• 
lowcver,  to  receive  such  a  doctrine  with  a  certain  amount  function  gf 
i  limitation.  Most  of  the  ganglia  produce  no  motor  im-  B«nel»*- 
jklaes  except  under  the  action  of  external  impression,  and  under  the  el- 
■Mntaiy  view  wo  have  just  presented  regarding  the  function  of  the 
nil),  the  same  remark  aj>plics  even  to  it,  since  the  immaterial  principle, 
^ose  instrument  it  is,  must  be  regarded  as  an  agent  distbct  from  it, 
tod  in  that  resiiect  external.  Indeed,  the  cases  in  whieli  the  nervous 
Iftitres  seem  to  display  the  quality  of  sjwntaneously  originating  force  are 
n  few,  and  in  their  nature  so  doubtfiil,  that  we  are  almost  entitled  to  dia- 
l^ard  them.  For  example,  tlie  ganglia  of  the  heart  are  by  some  sup- 
jmd  to  cause,  by  their  own  inherent  power,  the  contractions  of  that  or- 
pm,  which  in  cold>blooded  animals,  long  ai^er  it  has  been  excised,  will 
nntinue  its  rhythmic  motions.  But  it  is  far  more  agreeable  to  the  anal- 
Igies  of  the  nervous  system  to  rcgartl  these  cardiac  ganglia,  not  as  ori^ 
Batons  of  power,  but  as  merely  depositories,  reser\*oirs,  or  magazines  of 
L  There  is  nothing  more  extraordinary  in  their  ability  to  keep  up  the 
'  otions  of  the  organ  with  which  they  are  connected  than  there  is  in  the 

ibsidiary  spring  of  a  chronometer,  which  maintains  the  movement  of 
it  instrument  for  the  period  during  which  the  action  of  the  mainspring 
p  taken  off  while  it  is  being  wound  up.  Yet  the  mainspring,  and  the 
J  T 
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saTjsidinry  spring  too,  derive  their  meclianical  power  originally  fromtlie 
Ibrce  which  lias  wound  up  the  clirononicter.  In  this  particului  of  \ht 
storing  up  of  power  for  its  utilization  in  the  time  of  need,  the  whole  pxir 
glionic  or  sympathetic  system  of  ncnca  may  be  taken  as  the  great  ex- 
ample. 

The  conveyance  of  an  impression  through  the  great  nervous  centres  is 
„  ,  ,  moro  complicated  than  it  is  throneh  the  nerve  trunks.  It 
ftciion  oTiwrTt  may  be  conducted,  il  of  sunicient  mtensity,  through  one  gM* 
oMins.  glion  after  another  in  succession.     The  intermedium  ihrongii 

wliich  this  ia  done  is  probably  the  ner^'e-tubes  in  a  majority  of  inslanceh 
tlioiigh  perliaps,  in  lliosc  casea  iu  which  a  longer  period  of  time  ia  occi- 
pied,  it  may  be  rnthcr  from  vesicle  to  vesicle  than  through  the  tubes. 
Impressions  may  be  thus  transferred  from  one  set  of  tubes  to  otbaSf  oi 
Cm\'vrMOB  of  they  may  be  tUffuscd  from  a  ncnc  centre  to  many  tubca 
tbmu^cra-  around,  and  so  produce  a  wider  circle  of  influence.  Tliit 
tn^  transfer  of  impressions  from  centripetal  to  centrifugal  fibni 

which  lias  been  previously  described  as  rctiex  action,  though  conimonlr 
involuntarj-,  may  in  many  instances  be  governed  by  a  direct  exertion  of 
the  wilL  Thus  tho  respiratory  movements  for  the  introduction  of  air 
may  be  controlled  to  a  certain  extent,  as  in  holding  the  breath,  but  tia* 
is  only  during  a  short  time,  for  the  necessity  of  permitting  the  nonnsl 
action  to  occur  presently  becomes  insuperable.  Of  reflex  actions,  the 
majority  arc  obviously  for  tlie  accomplisliment  of  some  special  object  so 
long  as  the  system  is  in  health — they  arc  means  for  an  end;  but  in  dis- 
eased conditions  they  very  often  occur  in  an  objectless  or  useless  way. 

In  its  most  perfect  condition,  the  nervous  system  thus  consists  of  nro 
NRtnni  of  men-  separate  mechanisms,  the  automatic  and  the  influential,  and 
111  omotioiu.  these  arc  eo  related  that  they  can  mutually  act  on  one  an- 
other. The  will  can  exert  a  control  over  the  so-called  reflecting  func- 
tion of  the  automatic  part,  and  external  impressions  which  have  booi 
received  by  that  part  can  exert  a  reaction  upon  tjie  will,  Il  is  in  thia 
way  that  mental  emotions  may  be  explained,  the  [Xiwcr  of  external  inflo- 
cnccs  which  antagonize  or  even  overcome  tlio  will. 
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TIIE  snXAL  AXIS. 

Awkw*  Dettlo/tment  o/'AmtNa  Sjv/mi. — IlsJiMoi  OmSticn  in  tPjrereot  Vaithratrs, 
T^tSjiiMil  Cordi  it«  Structarf. — //*  MnnhniMii. — Itx  Thin^-oM  Pairt  af  Srrvtu. — Pnptr- 
ab«  i>f'tknr  Root*. — /mffioM  of  the  t'ord. — iicltM  Dinr^-rry, —  Tmntmumim  nf  /jurt^twiimjt 
'madTrmutrrrxe.  Tn/iunrfn. — JJijJfxArtlmttftht  Orrtl — Sattmof  Bffltx  Action. — i/bftw  and 
Smumry  VnuJa  uf  the  (.hrd. — ^vtHtniiry  of  its  Functhw. 
JTit  Mt^tMlit  Olitiitgata  .•  its  :Struftwc  and  f'laiciiorui. 
71«  /Vm«  I'aroiii:  iu  Stnrtfm  and  J-'mtrJieiu. 

Zir,  Otrjteut*r'a  Vienrt  of  tAo  Anahgtf  Uttnttn  the  Spiaai  CWJ  of  VrriAnUea  and  th»  Vttilral 
Conl  a;  ArtictduteM. 

AVe  now  coramencc  a  moi-c  tlclailed  examination  of  tlic  nervous  sys- 
tem, presenting  a  description  of  its  stnieture  as  far  as  may  s„i«uvi»ioiii 
be  necessary  for  the  uiidcrstantlin^  of  its  functions.  Wc  **^ "'"  "»''>"-"*• 
follow  the  usual  division  of  this  subject  as  adopted  l>v  authors, 
will  therefore  lead  us  to  sjieak  in  succession  of  tlie  spinal  cord  and 
medulla  oblongata,  of  the  scnsorj'  ganglia,  of  tlie  cerebellum  and  ccre- 
bnim,  of  the  uenxs  generally,  and,  lastly,  of  the  BjTn pathetic  system. 

The  important  position  occupied  by  the  nervous  nifclianism  in  the  an- 
imal body  will  always  draw  to  it  the  closest  attention  of  the  physiol- 
ogist, and  yet  it  must  l>c  admitted  that  hitherto  it  is  the  le-ast  ad- 
vanced portion  of  the  science.  If  metaphysicians  are  to  be  blamed  for 
casting  away  the  advantages  winch  arise  from  a  study  of  Adr*nuge«deL. 
structure,  the  earlier  physinlnglsts  were  almost  erjually  in  Jmrouj^h^-^I 
error  in  confining  themselves  to  Iniman  anatomy  alone,  "lopf. 
They  did  this  under  an  impression  that  there  is  an  essential  and  intrinsic 
difference  between  the  functions  of  this  system  in  man  and  in  the  lower 
animaU. 

There  is  an  anidogy  of  construction  in  all  the  forms  of  ner\'ous  system 
presented  by  the  different  aniniul  tribes,  which,  in  the  inlancy  of  the  sci- 
ences of  orgnnizalion,  was  attributed  to  a  unity  of  design  per%"ading  tho 
jJan  of  Nature,  but  which,  when  seen  from  a  higlier  and  more  philosoph- 
ical point  of  view,  is  plaiidy  tlic  neeeasaiy  result  of  a  universal  and  un- 
^■arying  law  of  development.  This  conclusion,  wljich,  when  better  un- 
derstood, is  doubtless  destined  to  become  one  of  the  most  important  sug- 
gestions ever  fumislicd  by  science  respecting  the  management  of  tho 
world,  is  strikingly  enforced  by  t!ie  analogies  between  tho  ^^j^  , 

wocessive  transilor)*  stages  of  development  of  this  system  rivM  rhim  de> 
at  different  epochs  iu  tho  life  of  man,  and  the  permanent  **'"'l""*"'- 
form  it  assumes  in  members  of  the  entire  animal  series.     Since  ther  >  con 
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l)c  no  doubt  tliat  every  animal  function,  irom  the  aatomatic  rootions  cf 
tJio  ob&curcst  living  form  up  to  processes  of  intcUcctiou  of  inaiL,  tlt>fimi 
upon  tiiis  structure  as  on  an  instrument^  i^  uiaVf  by  a  due  coniparbon  of 
the  Iiabits,  instincts,  or  other  phenoRiena  in  such  cases  with  the  existing 
nervous  (levclojmicnt,  arrive  at  true  conctusiona  of  the  connection  between 
its  stnicture  antl  its  functions.  Wc  shall  therefore  indicate,  in  a 
manner,  the  onler  of  development  of  this  sj-stcm  in  man,  and 
permanent  stage3  in  tlic  aniinni  scries. 

The  nervoud  uystcin  first  niiikes  its  appearance  in  the  serous  lr^imn;i 
CmneofiUi-  of  the  geruiiiial  mombrano  and  in  the  midst  of  the  ; 
humft'n'n'Jrv-  "^^  **  *^'*^  primitive  tmce,  a  delicate  nnd  pale-white  lii^  rie- 
oun'vio^-m.     ing  somewhat  above  tbc  general  surface  of  the  germinal  ant. 
This  line  soon  presents  a  conical  as]M!ct ;  the  thicker  |>ortion  U  de^lind 
to  become  tlic  head  of  tlic  einbr}'o.     Afler  a  short  interval,  the  meintmit! 
is  gathere<l  into  a  fold  on  each  side  of  the  primitive  trace,  and  tbesn;  fi>Id^, 
advancing  toward  each  other,  constitute  tlie  dorsal  lauiinu;^  whicli,  when 
fheir  edges  have  met  am!  coalesced,  fonn  a  tubular  cavity — a  i 
preparation  for  the  vertebral  column.     Beneath  the  tube  so  ;.,w...^  ^„. 
be  discovered,  at  this  stage,  a  line  of  nucleated  cells — the  chorda  dorsaJis. 
As  the  edges  of  the  dorscd  lamina^  approach  each  other,  they  aasanic  a  wavr 
tbrm,  and  simnltancouKly  a  bending  forward  or  curvature  of  the  embiyo 
occurs,  so  that  the  vertebral  tube  becomes  arched.     In  tlie  middle  van 
portion  are  now  to  be  seen  rectangular  plates,  the  elements  of  the  fatiuc 
vertebrae      The  coalcsccnco  of  llic  middle  part  of  the  dorsal  lamtoit 
takes  place  first,  the  ends  as  yet  diverging  in  the  portions  which  corre- 
spond respectively  to  the  head  and  tlie  sacrum.     The  spinal  marrow  toil 
the  brain  tlius  arise  at  the  primitive  trace,  the  brain  being  a  superposed 
or  additional  structure  to  the  spinal  marrow ;  for  now  tlic  wavy  edges  of 
the  anterior  extiiemity  are  gradually  seen  to  give  origin  to  three  ceils  hj 
their  juxtaiMwition :   1st.  The  ei>enccphalon,  a  single  cell,  to  produce  the 
medulla  oblongata :  its  caWty  is  to  be  the  fourth  ventricle  ;  2tL  The  meg- 
enceplialon,  also  a  single  cell,  for  the  corpora  quadrigcmina :  its  cavity 
is  to  bo  t!ie  ventricle  of  Sylvius ;  3d.  The  dcutcnccphalou,  a  single  celL 
for  the  optic  thalami :  its  cavity  is  to  be  the  third  ventricle.     Thougli  at 
fir.Ht  transparent  and  fluid,  the  nervous  matter  becomes  by  degrees  more 
consistent  and  covered  over  with  a  thin  layer  of  membrane,  the  indica- 
tion of  its  future  investitures.     The  rudiment  of  an  eye,  under  the  form 
of  a  protrusion,  now  appears  from  the  most  anterior  cell ;  and  in  like 
manner  the  auditory  apparatus  emerges  from  the  cell  of  the  medulla  ob- 
longati,  frani  tlic  anterior  part  of  which,  by  the  coalescence  of  a  pair  of 
fasciculi  which  have  arisen,  tlic  cerebellum  begins  to  form*     At  this  peri- 
od, through  the  continued  ciurvaturo  of  the  embryo,  the  cell  of  the  <X}t- 
pora  quadrigemina  has  become  most  anterior. 
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The  origin  of  the  spinal  cord  and  brain  is  illustrated  in  tlic  annexed 
figures  from  BiscIiofT.     /Vy.  136  shows  upon  a  dark  ground 
a  portion  of  the  gcnninal  membrane,  in  tlic  midst  of  which  is  »['in<ti<«niaii>i 
the  area  pellncida  and  primitive  trace:  tz,  the  area  pellacida;  ^* ''"'°' 
i,  the  dorsal  laminte ;  t\  the  pnmitive  trace. 


«r.  15«. 


Fif/.  13T. 


■'      ^ 


Tbt  pnmiUre  inct,  xaMeu\tc4  i  ditiaicicn. 


OhgiD  of  ibe  bnlu  uyvu  tlir  ipitikl  card,  nik^ldod 
S  iliAiuclrrs. 


I^.  137,  tlic  same  at  a  later  stag;e,  preparation  for  the  brain  .being 
made  The  dorsal  lamina*  arc  approaching  each  other,  particularly  to- 
ward the  middle :  «,  the  dilated  upper  extremity  or  cephalic  end,  the 
throe  cells  appearing :  the  epencephalon,  mesenceplialon,  and  deutcnceph- 
alon ;  i,  chorda  dorsalis  along  the  bottom  of  the  groove ;  c,  rudiments  of 
vcrtcbne  ;  (/,  lancet-shaped  dilatation.  In  both  figures  the  pale  borders 
along  the  primitive  trace  are  pellucid  nenc  substance. 

The  dorsal  cord,  which  is  only  a  transitory  structure,  now  disappears, 
the  spinal  marrow  commencing  to  cxliibit  a  division  into  four  strands, 
right  and  left,  upjwr  and  under.  Tlic  medulla  oblongata  tiattena  nest 
in  its  upper  part,  its  fasciculi  parting  from  each  other;  the  interval  so 
arising  betivecn  them  is  to  be  the  fourtli  ventricle.  The  hemispheres 
now  appear  as  a  double  cell,  the  prosenccplialon,  and  as  development  goes 
on,  tliey  soon  exceed  the  corpora  qiindrigemina  in  siae,  and,  as  they  ad- 
vance, force  these  bodies  backwnrd  and  under  them. 

From  this  it  appears  that  the  t}-jie  of  construction  of  the  nervous  sys- 
tem is,  tliat  upon  the  rudimentary  Fpinal  marrow  a  scries  of  vesicles  is 
de%'e]opcd.  They  constitute  eventually  the  medulla  oblongata,  the  cer- 
ebellum, the  corpora  quadrlgcmina,  the  thalanii  optici,  the  corpora  striata, 

■    the  oliactive  ganglia,  and  in  front  of  all,  but  destined  to  co%'cr  the  anterior 

I    portions  over,  the  hemispheres. 

I       Turning  now  to  the  animal  scries^  wc  iind  in  the  lowest  members  of 


I 
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_  ,.         the  vcrleLrntn,  as  in  the  amphioxus.  the  Bn'inal  cor<l,  meJulia 

ucninwiyniem  oblougata,  auJ,  the  clcmentnry  rcprcsenlalives  of  tlio  scii^rj' 
inTtrtflbmtefc  gmiglja  alone,  and  as,  in  Bucocssion,  vc  pass  to  the  bigba 
ones.  ■we.  recognize  a  cerebclluiu  upi^earing  over  tlie  medulla  ohlongiila, 
and  cerebral  hemispheres  over  tiie  sensory  ganglia.  Tiiese  ofgaiu  in 
the  upward  career  become  more  and  more  devcloi>cd,  the  hcroispberes,  for 
example,  soon  c«[ualing  in  size  the  quadrigemtna,  and  then  greatly  mr- 
passing  them,  and  with  this  increase  of  size  a  highcx  gnuic  of  intclligeacc 
is  reached.  In  fishe»  tliere  are  foar  ganglia,  corresponding  rcapcctivdv 
to  the  cerebellum,  qwndrigemina,  cerebral  hemispheres,  and  olfactiw  gau- 
^dia.  In  reptiles  the  number  of  ganglia  and  tiieir  order  of  occurrence  is 
the  same,  but  the  cerebral  hemispliL-rcs  liavc  novr  greatly  Increased,  an 
inereaae  wliich  is  even  better  marked  in  birds,  for  in  them  the  hem- 
ispheres have  expanded  in  front  so  ns  to  cover  the  olfactive  ganglia^  aitd 
])OBtoriorly  the  optic,  a  condition  of  tilings  analogous  to  that  present^ 
by  the  Imman  brain  at  about  the  close  of  the  third  month  of  fa*tal  Ufe, 
and  approaching  tliat  pennancntly  exhibited  by  the  lower  manimiiU,A&, 
for  instance,  the  marsupials.  It  Is  to  be  understood  tliat  what  is  hen 
spoken  of  as  the  hemispheres  answers  in  reality  only  to  the  anterior  lok 
of  the  ecrebrnm  of  man;  and  as  in  him,diiring  the  fourth  and  fifth  months 
the  middle  lobes  arc  developed  in  the  upward  and  backward  direetior 
from  tlic  anterior,  and  still  later  the  posterior  lobes  from  the  pOBteiior  of 
these,  the  same  coarse  is  followed  in  the  animal  series,  the  final  type  of 
development,  the  trilobed  cerebrum,  being  oidy  reached  by  the  highest 
eamivora  and  quadrumanous  animals. 

Comracocing  now  more  particularly  with  human  nervous  anatomy— 

STRUCTTRE  OF  TOE  SPIKAL  CORD. 

The  spinal  cord  is  placed  in  the  midst  of  the  vertebral  canal.  In  fonn 
Docription  nf  it  is  cyliudroid,  its  section  being  elliptical,  the  lateral  diazne- 
tbo»pitMlcorfi.  ter  )^j„g  tijg  lo^  one  Longitudinally  it  shows  two  en- 
largements, one  alxiut  its  npper  third,  the  other  toward  its  terminatioa, 
Kxteriorly  it  is  white,  but  its  section  shows  a  gray  substance,  arranged 
in  tho  form  of  two  crescents  connected  by  an  isthmus.  Above,  it  is  con- 
tinuous with  the  brain,  wbicli,  indeed,  is  n  development  upon  it,  and  be- 
low it  tcrniinales  ut  the  cauda  ef]uina.  Its  rektivc  Icngtlx  is  much  great- 
er in  fu-lal  life,  at  the  tliird  month  of  which  it  extends  into  the  sacrum. 
In  atlult  life  it  only  occupies  al)out  tlie  upper  two  thirds  of  the  verlc- 
Imd  connl ;  it  is  generally  stated  that  its  termination  is  about  the  first 
or  second  lumbar  vertebra.  3Iorcover,  it  docs  not  fill  the  vertebral  ca- 
nal, being,  by  reason  of  the  transverse  dimensions  of  ll»at  cavity,  rather 
suspended  iu  than  confined  by  it.  The  rest  of  the  space,  amount- 
ing to  about  one  tliird,  is  occupied  by  the  roots  of  tlic  nerves,  liga- 
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iplaKlaoid. 


turn 


Fio-  120. 


mcnts*  tbc  investitures  of  the  cord,  btoad-veeseU,  and  a 
liquid. 

J'^iy,  138,  A»  A,  shows  the  front  \*iew  of  the  spinal 
cord,  Tvith  the  mcdalla  oblongata;  B,  B,  the  posterior 
view ;  and  C,  C,  the  decussation  of  its  strands,  fivm 
which  it  appears  that  the  organ  is  composed  of  two  equi- 
lateral portions.  They  are  united  by  an  interior  com- 
missure, but  sejjarated  in  front  by  the  anterior,  and  be- 
hind by  the  posterior  fissure.  Of  these  tJic  posterior 
fissure  is  the  deeper,  the  anterior  being  wider.  Besides 
these  regional  divisions,  the  cord  also  presents  longi- 
tudinal fuiTOWs,  two  for  each  side,  dividing  it  into  the 
anterior,  the  middle  or  lateral,  and  posterior  columns  or 
tracts,  as  sJiown  in  tlie  figures. 

With  resi^ect  to  the  interior  constitution  of  the  cord, 
ii  has  already  been  stated  that  it  is  composed  exteriorly 
of  white,  and  interiorly  of  gray  material.     The  relative 
quantities  of  these,  and  the  particiUar  form  and  distribu- 
of  the  gray  substance,  may,  perhaps,  be  best  understood  from  the 

sections  given  in  Ju^,  139, 
from  one  to  nineteen,  1  show- 
ing a  transverse  section  as 
high  as  the  cerebral  pedun- 
cles*;  2,  through  tlie  nieduila 
oblongata;  and  the  remaining 
figures,  to  19,  at  lower  and 
lower  points. 

In  tlie  first  of  these  sec- 
tions, 1  is  the  intcrpedoncu- 
lar  space ;  2, 2,  inferior  tract ; 
3, 3,  middle  tract ;  4, 4,  locus 
niger ;  5, 5,  superior  tract ;  6, 
section   of  the   oqueduct   of 
Sylvius;  7,  7,  section  of  the 
superior  peduncles  of  the  cer- 
ebellum ;  8,  8,  section  of  the 
two  tubercula  qtiadrigemina. 
In  the  second  section:  1,1, 
tlie  p)Tamidal  bodies;  2,  2, 
olivary    boiUcs ;    3,  3,  rcsti- 
4,  4,  section  of  middle  strands ;  6,  floor  of  fourth  ventricle, 
the  fourth  of  these  sections:   1,  the  right  half  of  the  cord  ;  2,  left 
3,  anterior  median  fissure  j  4,  posterior  median  fissure;  5,  5,  pos- 
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tenor  furrows :  6,  while  or  nntcrior  conunusnre ;  7,  gray  or  poeteiior 
coinmisauic ;  8,  anterior  horn  of  right  crescent;  9,  posterior  horn  of  dit- 
to: it  U  prolonged  to  the  posterior  furrow ;  10,  antcro-tatcral  coltuma: 
11,11,  posterior  colnmns:  these  are  nil  of  white  tubular  substance.  The 
symmetrical  reference  numbers  on  one  side  are  omitted  for  the  aoke  of 
clearness. 

The  Bpinal  cord  is  surrounded  by  three  membranes,  continuous  with 
Urmbnnci  of  those  of  thc  cnuiiiim  :  the  dura  mater,  the  arachnoid,  and  the 
ihoi^iDalconl.  pj^  niatcr.  Thc  latter  embraces  thc  cord  so  closely  as  to  ex- 
ert a  compression  upon  it.  This  is  shown  on  slightly  woondiug  it,iHieD 
the  white  substance  protrudes  through  thc  orifice-  >vj4a 

Fig.  140:  1,  spinal  dura  mater  laid  open  and  drawn 
aside ;  2,  2,  sheaths  formed  by  this  membrane  round 
thc  roots  and  spinal  ^j^in^lia;  3,  spinal  arachnoid; 
4^  4,  sheaths  formed  by  the  arachnoid  around  the 
roots  of  the  nerves  and  dentatcd  ligament ;  5, 5,  points 
of  communication  of  the  visceral  hivcr  of  the  aracli- 
noidf  with  its  |iariotal  layer;  6,  pia  mater;  7,  denta- 
ted  ligament  scparnting  tlie  anterior  roots  from  the 
posterior  roots  of  thc  spinal  nerves,  and  sending  as  a 
communication  between  thc  dura  muter  and  pia  roater. 

From  the  spinal  cord  there  arise  thirty-one  pairs 
TtMtplnal  of  nerves,  each  nenc  having  two  roots,  an 
Dima.       anterior  or  motor,  and  a  jwsterior  or  sensory. 

The  anterior  roots  issue  from  the  anterior  furrow, 
Rmu  of  the  the  posterior  from  the  posterior  furrow, 
spinal  nenej.  '^-Iiere  the  gray  substance  eniergos.  Of 
the  two  the  latter  are  the  larger,  and  have  more  radicles.  They  abo 
have,  in  the  interv-ertebral  foramen,  a  ganglion.  JSeyond  llie  ganglion  ibo 
two  roots  coalesce,  and  tlie  rcsidting  nerve  trunk,  passing  through  the 
intervertebral  foramen,  divides  into  an  anterior  and  posterior  branch*  for 
the  anterior  and  posterior  portions  of  the  body.  To  this  general  descrip- 
tion there  are,  however,  some  exceptions.  Tlius  tlie  posterior  root  of  tin 
first  cervical  nerve  is  smaller  tfian  thc  anterior,  and  very  often  it  has  nO 
ganglion.  Thc  spinal  nerves  arc  enumerated  as  eight  cervical,  twelve 
dorsal,  five  lumbar,  and  six  sacral  pairs.  Thc  ccn'ical  pass  off  to  theit 
distribution  transversely,  the  dorsal  obliquely,  and  the  lumbar  and  sacral 
vertically.     Tlie  latter  constitnte  the  canda  equina. 

Fig,  141  illostrates  the  origin  of  the  anterior  roots  of  the  8pin«I 
nervesL  1,  pons  varolii;  2,  large  and  small  root  of  the  fifth  pair;  3* 
sixth  pair;  4,  facial  nerve;  5,  auditory  nerve;  6>  intermcdian  ncmj; 
7,  glosso-pharyngeal ;  8,  pneumogastric ;  9,  spinal  acceasory ;  10.  hypo- 
glossal. 


Sf-taal  dtin 
open. 
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in  From  11  to  11,  the  eight  anterior  roots  of  the  cer\*icol 

nerves;  I'rom  12  downward,  ihc  game  roots  of  the  dorsal 
nerves :  those  of  the  lumbar  and  sacral  are  not  ehown  in 
tlie  figure.  As  at  15,  are  shown  the  anterior  branches  of 
the  spinal  nen-ta ;  as  at  16,  iheir  posterior  branches;  at 
17,  spinal  ganglia  formed  on  the  posterior  roots ;  18,  ante- 
rior roots  cut ;  19,  anterior  roots  cut  beyond  the  ganglion ; 
20,  dcntated  ligament,  separating  anterior  from  posterior 
roots;  21,  insertion  of  this  ligament  on  dura  mater  by  ila 
dentated  edge;  22,  insertion  of  same  ligament  on  the  pta 
mater. 

J^iff,  142  iUnstratcs  the  origin  of  the  jmsterior  roots  of 
the  spinal  ncn'cs.      1,  tubcrcula  quadrigeniina ;   2,  trian- 
gular band;    3,  3,  superior  jicdundes  of  the  cerebellum; 
4,  4,  middle  peduncles  of  cerebellum  ;  5,  5,  inferior  pedun- 
cles of  cerebellum  ;  6,  anterior  wall  of  fourth  ventricle;  7, 
glosso-pharjnigeal ;  8,  pncumogastric ;  9,  spinal  accessory; 
from  10  to  10,  posterior  roots  of  eight  cervical  pairs:  the 
dorsal,  the  lumbar,  and  tlie  sacrul  below  11  arc  not  shown 
in  the  figuR'.     From  14  dowiiward,  a  dotted  line  arising 
from  the  tearing  aivny  of  the  posterior  roots;  15,  15,  an- 
terior roots  of  spinal  nerves,  the  dentated  ligament  being 
visible  througli  the  removal  of  the  posterior  roots ;   16,  spi- 
nal ganglia,  of  wliich  there  are  thirty  pairs,  the  first  pair 
of  nerves  not  being  frirni»hed  with  them ;  17, 17,  anterior 
branches  of  spina)  nrn'cs;    18,  18,  posterior  branches; 
19,  19,  dentated  ligamejit,  placed  between   the  posterior 
and  anterior  roots;  20,  same  ligament  brought  into  \*iew. 

T^iy.  143  sliowB  a  portion  of  the  spinal  cord  j?^.  uj. 
surrounded  ])y  its  envelopes,  and  seen  in  pro- 
file, so  as  to  display  at  once  the  origin  of  the 
anterior  and  |K>8terior  roots,  1,  1,  posterior 
spinal  nerves  and  their  ganglia ;  2,  2,  anterior  roots 
same  ner\'C3  anastomosing  with  the  anterior  portions 
Be  ganglia;  3,  4,  anterior  and  posterior  roots  cut; 
Eafcd  ligament ;  C,  dura  mater,  presen'cd  to  show  the 
9  which  it  forms  around  these  ganglia  and  the  branches 
spinal  ner>-cs ;  7,  vertical  section  of  the  sheath  of  the 
r  and  posterior  roots,  to  show  the  little  lamella  which 
m  tbo  one  root  from  the  other ;  8,  8,  interior  face  of 

ti  mater,  which  is  drawn  aside  to  show  the  smooth  SSIli'',^ 
hich  it  possesses,  owing  to  the  parietal  layer  of  the  '*"'***^ 
Bid  which  covers  it. 
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The  wliitc  or  fibrous  portion  of  the  spinal  cord  i*  composed  in  part  of 
the  spinal  iicrrc  librcs  and  in  part  of  oommisaura)  ones.  At  one  time  it 
waa  supposed  Uwit  eveiy  one  of  tlje  preceding  continued  uninterruptedljr 
to  the  braiu.  On  this  jwinl,  however,  the  weight  of  evidLncc  will  lead 
UB  to  intiiir  that  the  vertical  distance  through  which  the-<ic  dlirus  para  is 
ii<4  very  great,  and  that  they  arc  soon  btY)ught  in  connection  with  the 
interior  vesicular  Bubstancc.  If  all  the  fibrcs  passed  uninterruptedly  to 
tlie  brain,  we  should  expect  that  the  cord  would  increase  in  thickness  by  a 
regular  progression  upward ;  but  this,  as  is  shown  in  Jug.  13S.  is  not  tin 
case.  lis  enlargcraents  correspond  to  the  number  of  nerve  roota  ^ven 
off  from  the  localities  in  which  they  occur.  Thus,  where  many  d«vq 
roots  are  required  for  the  upper  extremities,  and  again  for  the  lower  ooes, 
we  notice  such  corresponding  enlargements.  The  experiments  of  Volk- 
maim  show  that  these  dilatations  are  as  much  owing  to  an  increase  of 
the  vesicular  material  as  to  an  increased  number  of  (ibros.  In  the  view 
presented  in  the  preceding  cha]>tcr  respecting  nen-e-orcs  and  the  functioni 
of  nerve-cells,  wc  eliouid  be  Jed  to  infer  that  every  centrifugal  and  cen- 
tripetal librc  of  the  cord  is  brought  in  connection  with  such  a  cell  of  the 
gray  material,  and  tluit  it  doea  not  extend  very  far  from  its  point  of  exit 
or  entrance. 

KiNCTiciNK  or  THE  Si'lN'AL  CoHD. — The  dctcTniination  of  tlio  fore;- 
Funriton*  or  tions  of  the  roots  of  the  spinal  nerves  by  Bell  has  alrcadjr 
ii)os|iia«l(<ura.  (j^,j  referred  to  as  one  of  the  great  discoveries  of  physioi* 
ogy,  nnd  as  furnishing  a  solid  foundation  for  an  exact  knowledge  of  the 
functions  of  the  ner^'ous  system.  The  evidence  of  the  trutli  of  the  doc- 
trine that  the  anterior  roots  of  these  nerves  ore  motor  and  tin*,  posterior 
Bet!'*  fill-  sensor)',  is  complete.  Thus,  if  the  anterior  root  of  one  of  the« 
^'t*^-  nerves  be  divided,  all  those  parts  winch  are  supplied  by  that 
nen'c  will  exhibit  loss  of  motion,  thougli  their  sensation  is  unimj>airod; 
if  the  posterior  root  be  divided,  tlic  sensibility  of  tiic  parts  is  lost,  though 
the  power  of  motion  is  unaffected.  Similar  evidence  may  also  bo  ob- 
tained by  in-italing  the  ends  of  the  diWdcd  roots,  muscukr  motion  Of 
jKuii,  as  tlic  case  may  be,  being  correspondingly  observed. 

The  spinal  cord  transmits  impressions  from  the  periphery  to  the  brain, 
Lonritniii  1  ^"^  convcrsclv  cnablcs  the  brain  to  bring  into  action  the 
truuuiwioa  of  motor  nerves.  Division  of  it  at  once  causes  an  interraptios 
'***■  of  voluntary  motion  and  sensation  in  those  parts  supplied 
by  nerves  below  the  place  of  the  oix>ration.  the  functions  of  the  piurU 
above  remaining  unimpaired.  But,  though  the  innuence  of  the  brain  io 
exciting  voluntary  motion,  and  its  capability  of  receiving  sensations,  la 
thus  cut  off,  the  severed  portion  of  tlie  cord  still  possesses  an  automatic 
power. 

Tills  transmission  of  influences  upward  or  do^mward  i^  doubtless,  to 
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const dcraljlc  tlegrec,  accomplished  tiirougli  llie  vesicular  substance,  the 
nUity  ol*  wiiicli,  in  this  respect,  has  been  explained  in  the  preceding 
pq)tcr.  But,  besides  tliis,  the  exterior  librotis  structures  {possess  a  like 
pction,  correspondingly  as  they  are  connected  with  tho  motor  or  scn- 
vy  roots  of  tho  nerves,  tlic  anterior  columns  being  motor,  and  tlie  pos- 
rior  apparently  sensory. 

I  The  spinal  cord  not  only  i>crmits  tlic  passage  of  infiucnces  in  its  lungi- 
idinal,  bat  also  in  its  transverse  direction.  This  is  what  Tmnirprwi 
Ight  bo  anticipated  Ironi  the  structure  and  functions  of  the  irtnuiuwionof 
ila  of  its  gray  interior.  Il'thc  cord  bo  cut  half  through  in  "  "*"*=""• 
given  place,  and  again  be  cut  half  tlirougii  on  the  opposite  side,  at  a 
ic  distance  above  or  Wlow,  impressions  may  be  conducted  through 
iutcnnodiatc  portion,  tlio  vcslcultur  material  being  tlien.  tlielr  only 
id. 

In  a  mcmoix  on  the  dialribntion  of  tho  fibres  of  tlie  sensitive  roots,  and 

tiw  transmission  of  impressions  in  tho  spinal  cord,  Dr.  Brown-Scquanl 

— i-Scquard,  referring  to  the  two  theories  entertained  at  wi  tbo  eouiimv 

t — 1st.  That  sensitive  impressions  reaching  the  cord  '"""*     «««*. 

in  totality  to  the  brain  along  the  postciior  columns;  2d.  That  such 

iona  50  arriving  pass  directly  to  the  central  gi'ay  substance,  which 

its  them  upward— otters  reasons  for  supposing  that  both  these 

Koriea,  and  cajtecially  tho  iirst,  arc  contradicted  by  facts. 

It  is  his  opinion  that  sensitive  impressions  reaching  the  cord  pass  in 

Iflcrcnt  directions,  some  ascending,  others  descending,  but  both  going  in 

nt  by  the  posterior  columns,  and  in  part  by  the  posterior  gray  horns, 

Bd  perhaps  by  the  lateral  columns,  to  penetrate,  after  a  short  distoncOf 

!  gray  central  substanco  by  which,  or  in  which,  ihey  arc  transmitted 

tho  brain. 

He  also  shows  tliat  sensitive  impressions  of  one  lateral  half  of  the 
aro  transmitted  principally  in  a  crossed  manner,  that  is  to  say.  thnt 
feUow  more  particularly  tho  opposite  linlt'  of  the  cord  to  reach  the 
irf;  that  the  decussation  of  the  conducting  elements  for  sensitive  ini- 
ions  is  not  made^  as  is  commonly  said,  at  the  anterior  extremity  of 
pons ;  that  the  gray  substance  does  not  ]X)ssess  the  property  of 
roitling  sensitive  impressions  in  every  direction,  as  some  have  sup- 
;  that  most,  if  not  all  the  conducting  dements  for  sensitive  im- 
ious  decussate  in  tho  spinal  cord,  the  decussation  occurring  in  part 
immediately  on  their  entry  into  the  cord,  but  that  a  few  make 
if  decussation  at  a  certain  distance  above  the  \yo\nt  of  entry,  the  ma- 
irity,  however,  descending  in  the  cord,  and  making  their  decussation 
the  point  of  entry ;  that  if  there  arc  conductiiig  elements  for  sen- 
ivc  impressions  which  ascend  tluDUghout  the  entire  length  of  the  coid 
make  their  decussation  in  tbe  brain,  their  number  modt  be  very  small ; 
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and  tlmt  alterations  capable  of  prodncinp;  a  panlyais  o(  eensibilitT,  and 
situated  ujH>ii  any  point  of  a  lateral  half  of  the  cerebro-8pm.il  axis«  al- 
ways produce  a  paralysis  of  sensibility  on  the  opposite  half  oi*  the  bodjr, 
and  that  there  is  no  difference  between  the  brain  and  the  spinal  manov 
in  this  reajjcct. 

Thus  constructed,  the  spinal  cord,  as  we  shall  presently  show  from 
A  ii'-  ith  !'**•  Carpenter,  evidently  agrees  with  the  g&nprliatcd  ■v'entnJ 
ventral  corU  cohI  of  tlic  articulata,  each  portion  of  it  from  wiiicU  a  pair  of 
'  ""^  '^"  ncr^'es  is  given  off  representing  each  ganglion  of  that  vcntnl 
conU  the  difference  in  the  two  structures  being,  that  in  tiie  spinal  col- 
umn the  ganglia  arc  comuiissured*  bo  as  to  form,  in  appearance,  one  con- 
tinuous mass,  and  ngrcejibly  to  this  view  of  its  construction  ate  tlw 
circumstances  uTider  winch  its  enlargements  occur.  In  thooo  animal 
fonns  in  which  the  entire  trunk  is  conccrnctl  in  locomotion,  as  in  snakes 
and  eels,  the  cord  Is  nearly  cylindrical ;  but  as  soon  as  special  merobcn 
for  locomotion  arc  developed,  a  corresponding  increase  of  diameter  is  ob- 
served. Thus,  in  birds,  the  ganglionic  enlargement  corresponds  with  tli< 
region  from  which  the  nencs  for  tlic  wings  are  given  off;  Imt  in  that  tribe, 
as  in  the  ostrich,  tlie  mode  of  locomotion  of  whicli  is  by  tho  logs  tather 
than  by  tlie  wings,  a  corrcsjtonding  posterior  enlargement  occurs.  Ti» 
same  ob3cr\'alion3  may  even  be  morc  distinctly  made  during  metamorplh 
ose.i;  thus,  in  frogs,  wliilc  they  are  ui  tlie  tad])ole  state  tlie  spinal  cordis 
cylindrical,  but  bulging  ensues  in  it  anteriorly  ami  poi-teriorly  as  aoon  u 
the  anterior  and  [wsterior  membera  are  derelopciL 

The  translation  of  impressions  wliich  have  been  bronght  along  tlie 
KcfloMctton  cejitripetal  fibres  into  motions,  the  exciting  influence  of  which 
of  ihe  torii.     ia  conveyed  along  the  centrllugal  tibrcs.  includes  what  is  niv 
dcrstood  as  the  reflex  action  of  the  spinal  cord  as  dr^veloped  by  Dr.  Hill 
Its  essential  condition  is  its  indc|>cndcncc  of  the  agency  of  tlic  brain,  and 
therefore  unconscious  nature.     As  general  esamph»s  may  lie  meniioncd 
the  movements  which  occur  in  swallowing;  for  after  the  food  has  been 
carried  by  voluntary  action  into  the  fauces,  its  posaage  onward  ti)  llie 
stomach  is  perfectly  involuntary.     In  like  manner,  the  introduction  of  air 
into  the  hmgs  in  ordinary  respiration  is  involuntary ;  for  though  it  may 
be,  to  a  certain  extent,  under  tlw.  control  of  the  will,  yet  that  c.^ct^nt  is 
limited,  n  necessity  for  the  motion  j>resently  arismg,  which  soon  becomes 
uncontrollable.     The  action  of  the  valvular  arrangements  at  the  car^ae 
and  pyloric  orifices  of  the  stomach,  and  the  constant  contraction  of  the 
sphincter  ani,  are  farther  illustrations.     To  these  may  lie  added  those 
impulsive  movements  which  we  instinctively  make  on  the  approach  of 
danger  or  in  the  act  of  falling,  and  perhaps,  too,  automatic  walking,  as 
we  go  from  place  to  place  in  a  state  of  mental  abstraction,  paying  no  at- 
tention to  tlie  course  wc  take. 
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The  cord  is  to  be  regarded  as  a  longitudinal  scries  of  simple  automatic 

I  nerve  arcs,  or,  as  we  have  termed  it,  a  multiple  automatic  Aaioroaiic  »r- 

I  arc.      f^icli  flcgiueut  of  it  lias  therefore  an  independent  action  tioaoftheconl. 

of  ita  own,  but  can  conspire  with  its  neighbors  or  be  influenced  by  the 

brain,  by  means  of  its  commissural 
fibres,  an  arrangement  of  whicli  num- 
berless interesting  instances  might  be 
furnished.  Tlic  one  rcprej>cnted  in 
/7^.  144,  which  is  from  the  cord  of 
Bpirostreptns,  may,  however,  suffice : 
A,  under  surface  of  n  portion ;  B,  u|>- 
per  surface ;  «,  inferior  longitudinal 
fibres;  e,  superior  longitudinal  tibrcs; 
f^  fibres  of  re-cnforccmcnt,  seen  also 
at  b  and  c;  ^,  commissural  Hbrcs,  seen 
also  at  d. 

The  power  which  the  cord  displays 
in  this  simple  action  is  most  striking- 
ly seen  when  it  ia  cat  off  from  ita 
cranial  connections.  The  decapitated 
frog  props  himself  up  stiffly  on  his 
legs,  and,  if  his  cutaneous  surface  be 
portiottofeordorfpiroftropttu.  irritated,  exhibits  antagonizing  mo- 

tions; sucli  motions  are  all  of  the  rcdex  character,  and  arc  commonly 
much  more  strikingly  seen  in  cold  than  in  warm-blooded  animals;  but 
erea  in  man  precisely  the  same  results  arc  witnessed  during  periods  of 
the  aoflpcnsion  of  the  actiWty  of  the  brain,  as,  when  tire  palm  of  the  hand 
of  a  sleeping  child  is  touched  with  the  finger,  the  finger  is  at  once  grasped. 
As  above  stated,  this  reflex  function  of  the  cord  is  therefore  independ- 
ent of  the  brain,  though  the  brain  can  control  it,  and  this  ^^^^^^  ^^(^ 
the  more  perfectly  the  higher  the  organization  of  the  animaL  Jndppf-iideutor 
Breatliing  can  go  on,  whether  we  pay  attention  to  it  or  not,  ™"** 
bat  we  can  arrest  it  if  we  choose  for  a  time ;  and  since  in  man  (his  in- 
troduction of  air  is  incidentally  used  for  very  refined  purposes,  by  volun- 
tary exertion  we  moderate  or  regulate  it,  as  in  the  production  of  musical 
sounds  in  singing  or  of  articulate  sounds  in  speech. 

In  a  general  way,  there  is  not  much  difficulty  in  distinguisliing  be- 
tween simple  actions  of  the  cord  and  those  in  which  the  brain  Dudnctioa  b»> 
ia  participating.     In  the  former,  no  weariness  or  fatigue  is  inJ^J^J^J^j 
ever  experienced ;  in  the  latter  it  is ;  and  perhaps,  even  in  «ct«m. 
these  last,  invoU*ing  voluntary  muscular  action,  though  tlie  control  is  to 
be  attributed  to  the  brain,  the  source  of  the  force  is  in  the  cord. 

These  normal  phenomena  which  the  cord  displays  become  ^rcatly  ^2> 
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Iaei««Kof  njrgiTatcd  in  certain  conditions  of  disease,  as,  for  pxaniplc 
■pioai  Action,  tetaimg^  i„  uhicli  the  slightest  peripheral  irritation  may  W 
followed  hy  violent  conMilsivc  movement,  or  Ui©  same  occurs  l»v  llie 
agency  of  powerful  poisonous  substances,  as  stn'chnine.  In  llicdc  cases 
the  action  may  be  eitlier  limited  simply  to  the  cord,  as  in  the  tctaau 
brought  on  by  opium  in  frogs,  or  the  brain  may  be  involved  in  it,  «s  is 
cases  of  hydrophobia,  in  which  the  sound  or  sight  of  water,  opcntii^ 
through  the  cerebrum,  will  produce  spasmodic  convulsions. 

From  the  (iicla  presented  by  the  lower  anima]<x,  it  may  Ijc  inferred  that 
the  spinal  cord  does  not  act  as  a  single  organ,  but  ratlier  ahould  be  to- 
gnnleil  as  a  collection  of  ganglia,  special  duties  being  diacliargcd  by  ?p^ 
cial  ]>arts  of  it. 

With  respect  to  the  commissural  action  of  the  spinal  conl,  reference  has 
-        ..      ,  already  been  made  to  the  stnictural  connection  between  tHa 

Conaocliott  of 

tho  coni  «iiJ  cord  and  the  nervous  regions  above  it,  and  in  referring  to  ll» 
old  anatomical  doctrine  tlmt  each  of  the  spinal  nerves  is  coo- 
nocted  by  continuous  fibres  with  the  brain,  due  weight  has  l»cen  girra 
to  the  fact  tliat  the  cord  does  not  increase  in  tliickness  as  it  approaches 
the  brain,  but  that  its  bulginga  correspond  to  the  regions  from  which  it  is 
necessary  that  an  iinusual  supply  of  nrrws  sliould  be  given  off.  The 
(brce  of  this  argument  is,  however,  considerably  diminished  when  ire 
recollect  that  the  nerve-tubes  are  by  no  means  of  uniform  diameter,  bnt 
arc  doubly  conical  in  sJiaiie.  Even,  therefore,  with  a  diminished  diame- 
ter of  the  spinal  cord,  there  might  bo  an  upward  cont'muation  of  sp'uul 
fibres,  the  diameter  of  which  is  becoming  less  and  less ;  and  this  scents 
to  lie  rendered  more  likely  from  the  analogy  of  the  structure  of  the  veih 
tral  cord  of  the  articulata,  in  which  tjlirea  lu^  sent  to  the  cephalic  gaih 
glia  for  the  purpose  of  establishing  a  communication  between  them  atMl 
the  roots  of  the  nerve?.  Hnt,  however  that  may  be,  there  can  be  no 
question  of  the  influence  of  the  brain  over  spinal  action,  and  this,  of  eonra^ 
implies  structural  connection  of  some  kind — an  intercommunication — 
which,  if  it  docs  not  take  place  solely  through  the  white  columns,  must 
take  place  through  the  gray  material.  It  is,  however,  important  to  ob- 
serve that  the  gray  material  has  no  direct  communication  with  tliat  of 
the  cerebrum,  but,  passing  through  the  optic  thalamus,  ends  in  the  cor^ 
]ius  striatum,  extending  therefore  in  one  continued  mass  through  the  cord, 
and  terminating  in  that  ganghonie  organ.  Tiy  one  or  both  of  tliese  chan- 
nels, white  or  gray,  the  impressions  which  are  made  upon  the  spinal 
sensitive  nerves  are  presented  to  the  brain,  and  in  a  similar  manner  the 
intlucnccs  which  produce  voluntary  motions  arc  transmitted  down.     A 

.,     section  of  anvpart  of  the  spinal  cord  at  oneo  incapacitates  the 
Effect  of  16-         ,   ^  -   *  ,      '  ,  ,     -  .  ..1-1. 

sionaofthe   wul  from  acting  upon  tlie  parts  beyond,  tlie  motions  ol  which 

"*"*•  becomo  therefore  purely  automatic,  though  the  parts  above  still 
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tisplay  tlieir  customary  phenomena.  These  effects  ore  somclimea  in- 
itnictively  witnessed  in  man  when  lesions  of  tiie  cord  have  occurred 
throngb  disease. 

I  11*  the  view  that  has  heen  pi-escnted  respecting  tho  continuation  of 
nbrc3  from  the  cord  to  tho  LraJn  bo  correct,  iIicac  tibrcs  dis-  ,,  . 

Alotor  Ant]  aon* 

charge  a  commissural  duty.     This  would  lead  ua  to  sup-  K>ry  uicu  of 
pose  that  there  is  a  correspondence  between  the  functions  of  '***  ""^ 
the  columns  of  the  cord  and  those  of  the  roots  of  the  spinal  nerves,  tlic 
anterior  columns  being  motiferous,  or  in  unison  willi  tlie  motor  root  of 
Hie  ner\ea,  tho  posterior  being  scnsifcrous,  or  in  unison  with  the  sensory 
root  of  the  nerves.     Agrocjdtly  to  this,  if  the  anterior  columns  be  irri- 
tated, motions  arc  excited  in  ull  thoi=c  parts  which  arc  supplied  with 
pervc»  beyond  the  irritated  pohit ;  and  if  the  posterior  columns  be  irri- 
hoted,  in  like  manner  pain  is  experiencal.     In  this  instance,  however,  a 
certain  amount  of  motion  is  occasionally  obscn*ed,  but  this  lias  common- 
f  been  explained  by  referring  it  to  refiexion  within  the  cord.     It  has 
klso  been  obscr\'cd,  aa  strengthening  these  views,  that  if  tho  posterior 
p>1anui3  be  irritated  after  complete  section  of  the  cord,  the  result  will  de- 
pend on  wliich  of  the  cut  portions  be  disturbed  ;  if  it  be  the  lower,  there 
will  be  no  effect.     An  examination,  under  the  same  circumstances,  of  the 
Ulterior  columns,  demonstrates  that,  if  the  uppci'  section  be  irritated,  there 
is  no  effect  produced ;  if  the  lower,  there  are  conviUsive  movements  of 
he  parts  supplied  with  nerves  beyond. 

From  these  results  wc  should  infer  that  the  pliysiological  functions  of 
the  anterior  and  posterior  roots  of  the  spinal  nerves  arc  participated  in 
by  the  anterior  and  posterior  colunuis  of  the  cord,  and  might  tLeiefore 
expect  tliat  those  functions  would  be  continued  in  the  higlicr  distribu- 
tion of  the  columns  above  the  medulla  oblongata. 

From  the  point  of  riew  under  which  we  have  thus  presented  it,  the 
fection  of  the  spinal  cord  is  tliereforc  simple,  or  it  is  disturb-  Ronrr*!  funo- 
cd  by  the  agency  of  the  brain;  in  the  tirst  ease  it  offera  il-  t'««»  "ftiw 
pelf  purely  as  an  automatic  instrument ;  iu  tlie  latter,  its  com- 
l&issund  connections  with  the  brain  make  a  compound  apparatus.  The 
former  state  is  closely  represented  in  tho  construction  of  the  anijdiioxns, 
the  nervous  system  of  which  has  no  rudiment  of  a  cerebrum  or  cerebel- 
lum; in  thU  animal,  therefore,  since  also  the  sensory  ganglia  are  merely 
in  a  rudimentary  state,  the  mode  of  lite  must  be  jnirely  nuxhauical,  just 
is  it  is  with  an  artificial  automaton,  of  whicli,  when  a  given  spring  is 
touched,  a  given  motion  is  made.  Even  among  the  highest  vcrtcbrated 
animals,  man  himself  at  the  periodic  times  of  <iuiescence  of  the  cerebrum, 
Is  in  sleep,  when  the  cerebral  influence  over  other  portions  is,  to  a  certain 
Bxtent,  suspended,  an  approach  to  a  similar  condition  occurs ;  hut  in 
icriods  of  actiuty  of  the  cerebrum,  it  can  hold  the  spinal  cord  in  check, 
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oonfTolling,  and  in  some  cases  arresting  im  action^  and  tliis  is  donctliroogH 
influence--?  propagated  along  the  tabular  atructurca  of  the  posterior  and  tat- 
tenor  colunma,  whicli  therefore  are  to  he  regarded,  in  tliii  respect,  is 
comroissures  to  the  train. 


OF  THE  MEDULLA  OBLONGATA. 


The 


incdalla  oblongata  U 
and  the  brain. 


a  conical  body,  Iring  between  the  spinjil  cord 
Limits  of  the  *""*  "^"^  «•«•".  It  18  generally  understood  to  bo  boiindedat 
BirduUauUion-  its  uppcr  portion  by  tho  pons  varolii,  but  thia  ia  not  a  titie 
^^^  limit,  since  its  structure  extends  through  tho  pons  varolii  to 

the  crura  of  the  brain.  There  is  the  same  indcfinilencss  of  limit  as  re- 
spects its  lower  boundary,  which  is  generally  said  to  bo  marked  by  some 
decussating  tibres  which  appear  on  its  fronL  Like  the  spinal  cord,  it 
III  BuiKiivi*.  has  an  anterior  and  posterior  fissure,  which  divide  it  into  two 
**"**•  symmetricid  lateral  halves ;  the  former  is  a  continuation  of 

the  anterior  spinal  Hssurc,  the  latter  of  the  posterior,  and  ends  in  the  o- 
lomus  scriptorius  above.  The  lateral  halves  thus  produced  are  marked 
by  three  grooves,  producing  four  eminences,  which  pass  under  the  foUoa- 
ing  name^:  1st.  The  anterior  pyramids;  2d.  The  olivary  bodies;  Sd. 
Tlio  restiform  bodies ;  4th.  The  jwsterior  pyramid*.  The  anterior  fa- 
Burc  is  crossed  about  an  inch  below  the  pons  varolii  by  decussating  tibres, 
and  hence  injuries  on  one  side  of  the  brain  produce  nervous  effects  on  tho 
op]>osite  side  of  tlio  liody. 

HraL  Tho  anterior  pyramids  consist  of  white  6bres  originating  near 
Tii*  •Dtfrior  ^^>®  decussating  fasciculi.  They  have  a  compound  structure, 
pjTtmiiii.  fof  (jach  contains  fibres  arising  from  tho  inner  side  of  tlie  op- 
posite anterior  column  of  the  conl,  and  also  6brcs  from  its  own  side: 
tlicy  pass  through  the  pons  varolii  into  the  cms  cerebri.  From  thoee 
pjTamids  curved  tibrea  pass  round  the  olivary  body,  and  arc  lost  in  tiie 
rostiform.     They  are  calle<l  arciform  tibres. 

Second.  The  corpora  olivaria  receive  their  name  from  their  olive  shap& 
Tlw  oUviry  They  are  separated  by  a  groove  from  the  preceding  in  fronl, 
'™"«»'  and  by  another  groove  from  the  restiform  bodies  behind.     £i- 

temally,  they  arc  formed  of  white  tubular  tissue,  which  incloses  a  Teac- 
ular  mass,  the  olivary  ganglion,  wliich  connects  with  the  vesicular  struc- 
ture of  the  pons  above,  and  that  of  tho  cord  below.  The  fibres  of  these 
ganglia  are  called  tho  olivarj'  tracts.  They  are  continuous  with  the  cen- 
tral part  of  the  medulla  oblongata,  passing  behind  the  pyramids,  extend- 
ing upward  along  tlie  posterior  part  of  the  crura  cerebri  to  the  optic  thai- 
Ami  and  tubcrcula  quadrigemina.  The  olivary  bodies  exist  only  in  man 
and  tlie  monkey  tribe. 

Third.  The  restiform  bodies  are  se])arated  from  the  olivary  by  a 
groove.     They  are  continuoua  witli  the  posterior  and  anteio-lateral  col- 
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ans  of  llie  cord.     Ascending,  they  enter  the  ccrebcllnm,  and  11,^  re»ur«rn 
continuous  with  liic  inner  part  of  ita  cru3.     They  tkcre-  '«'*i'"- 
fore  arc  a  tract  of  communication  from  the  spinal  cord  to  tlie  cerebellum. 

Fey  each  inclose  a  gray  nucleus,  which  is  the  ganglion  of  the  pncumo- 
rtric  nerves,  and  of  some  of  the  roots  of  the  glosso-pharynge^l. 
Fourth.  The  posterior  pyramids  are  doubtftUIy  marked  off  from  the 
Tcstiform  bodies  in  front,  and  arc  separated  from  each  other  Tbojiostmor 
by  the  posterior  iissurc.  Superiorly,  their  fibrea  are  contin-  prriwid* 
aons  witii  the  sensory  tract  of  the  crura  cerebri :  their  gray  nuclei  arc 
the  ganglia  of  the  auditory  nerves. 

j^.  145.  The  structure  of  the  medulla  oblongata  is  exempli- 

fied in  the  annexed  figures. 

iTy.  145 :  1 ,  chiasm  of  the  optic  nerves ;  2,  cms  cere- 
bri; y,  tuber  cincrcum;  4,  cor|K)ra  albicantia ;  5,  locus 
pcrforatus  ;  6,  pons  varolii ;  7,  section  of  the  middle 
(>edunele  of  cerebellum ;  8,  transverse  Bssurc,  separa- 
ting the  medulla  from  the  pons;  9,  iirst  enlargement 
of  the  cord,  or  medulla  oblongata;  10,  anterior  p>Ta- 
mid;  11,  ohvary  body;  12,  anterior  portion  of  reali- 
form  body  ;  13,  neck  of  tlic  medulla  oblongata;  firom 
IG  downward  is  the  anterior  median  tissure;  frora  17 
downward,  the  anterior  lateral  furrow. 

I^iff.  14G:  1,  section  of  optic 
tract;  2,  rubercula  quadrigcmina ; 
3,  triangular  band ;  4,  section  of  cms  ccrebctli ;  5, 
medulla  oblongata  ;  0,  anterior  floor  of  tlie  fourth  ven- 
tricle ;  7,  median  fissure  of  the  fourth  ventricle,  aid- 
ing to  form  the  calamus  scriptorius;  8,  mammillary 
swelling  near  the  nib  of  the  pen ;  9,  posterior  portion 
#1^.147.  of  tlie  rcstiform  body;  from  12  down- 

ward, posterior  median  tissure ;  from 
l.'S  downward,  lateral  furrow;  from  14 
•downward,  posterior  furrow.  L,»    t 

,,.,._,.  ,  -    ,       Ptirtcrior  view  of  mcaall* 

j'tff.147:  0,  anterior  column  of  tuc  obhwgAia. 

cord,  divided  superiorly  into  two  portions,  of  wiiicli  the 
most  internal  one  contributes  to  the  formation  of  tlio  cor- 
responding p}Tamid ;  7,  middle  or  lateral  column,  di- 
vided superiorly  into  three  or  four  portions,  decussating 
with  as  many  portions  of  the  column  of  the  opposite  side, 
the  decussation  taking  place  both  laterally  and  antero- 
postcriorly:  it  is  the  origin  of  the  internal  two  thirds 
of  the  pyramid;  8,  S,  pyramids ;  9,  winte  iibiTs  of  the 
dttUa  Aoa  rona,  pyramid,  traversing  the  pons,  and  continuing  to  the  eras 
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cerebri ;  10,  superficial  Bcction  of  the  tniu- 
•**ergc  fibres  of  the  pons ;  1 1  ^  tlwpcr  wctiw 
of  the  triinaversc  fibres  of  the  [>on8;  12,fll»' 
Tary  body ;  13,  right  olivary  body,  l-r  t  'tit 
into  view  by  removal  of  the  corrcsj-iiii.j 
pyramid. 

Fitj.  148  is  a  posterior  view  of  ihe  nic- 
dallft  oblongata :  y?,  /».  posterior  pyramids, 
BCparated  by  n  posterior  lusurc ;  r,  r,  reiti- 
(bnii  bodies,  composed  of,  <:,  c^  posterior  ool- 
umns,  and  </,  </,  part  of  antcro-latcnd  oil- 
umna  of  the  cord;  a,  a,  olivary  colunins,t3 
seen  on  the  floor  of  the  fourth  ventricle,  sep- 
arated by  «,  the  median  fissure,  and  crossed 
by  some  fibres  of  origin  of,  nj  n,  tlic  scventli 
pair  of  nerves. 


FUNCTIONS  OF  TlIE  MEDLXLA  OBLONGATA. 

Viewed  OB  a  superposed  conlinantton  of  the  spinal  cord,  the  meduJU 
FnnctionK  Qf  oblongata  IS  the  tract  of  comnmnicntion  between  that  orgw 
ih«  mcduU. :  ajj^  thc  brain :  the  anterior  pyramids  and  olivary  tracts  con- 
cDtnmanlc*-  vcy  motor  infiucnces,  and  thc  restiform  tracts  and  postenor 
''^-  pyramids  sensations.     Hy  cxpciriments  similar  to  those  wbicfc 

have  been  performed  upon  thc  cord,  theso  concloaions  have  been  maifr- 
laincd. 

Bat,  besides  this  function  of  conduetion,  the  medulla  oblongata  di»- 
chargca  a  most  important  duty  as  a  nervous  centre ;  on  it  depend  respi- 
ration  and  deglutition.  The  brain  may  be  wholly  removed  above,  and 
the  spinal  cord  below,  as  for  as  the  origin  of  thc  phrenic  nerve,  withoiU 
deatli  necessarily  ensuing,  but  on  wounding  the  medulla  oblongata,  the 
muscular  movements  necessary  for  the  introduction  of  air  arc  ncccssaxilr 
slop|>cd. 

ilorcovcr,  tlie  medulla  oblongata  exhibits  tlie  property  of  rc£ex  action. 
lu  rQtaUaiu  to  So  for  as  the  function  of  respiration  is  concerned^  its  diief 
raipiration.  ccntripctsl  nerAc  is  the  pncumogastric,  but  thc  power  whicb 
it  possesses  is  participated  iu  by  :nany  others,  pcrliaps  by  reason  of  ibe 
venous  condition  into  which  the  blood  is  brought  from  want  of  propet 
aeration.  The  violent  respiratory  movements  by  thc  sudden  uppUcalion 
of  cold  to  thc  skin,  tlic  shower-bath,  or  dashing  cold  water  on  the  fiice, 
nro  converted  by  it  into  respiratory  muscular  motions.  From  it  also 
arise  the  movements  required  in  thc  act  of  de^utition. 

Under  this  view  of  the  functions  of  the  medulla  oblongata,  it  ia  to  be 
regarded  as  au  exclusively  automatic  instrument,  which  con  continue  its 
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operation  ancr  llic  excision  of  the  brain.  As  witli  tlic  spinal  corJ,  so 
iritli  it:  its  simple  action  inay  continue  though  its  coninuBSural  action 
h$  cea^d,  and  this  cither  througli  conditions  of  disease  or  by  the  nd- 
JDiaiBtration  of  drugs.  In  lesions  of  the  brain  respiration  may  still  con- 
(imic,  as  it  may  aUo  when  sensation  and  voluntary  motion  have  been  ar- 
nstcd  by  the  breathing  uf  clilorofonn. 

OF  TUE  PONS  VABOLIL 

Tbo  pona  varolii  consista  of  a  loop  of  fibres  poAsing  from  one  crus 
ccrebclli  to  iho  other,  aronnd  the  tracts  of  communication  stniciure  of  ihe 
between  tlic  conl  luid  the  brain.  As  sliown  in  I^tf/,  145,  ponavaruiu. 
thcv  do  not  fonn  a  conlinuoua  8iii>eWicial  cotti misiiure,  but,  at  a  certain 
distanco  below,  interlace  with  the  fibres  of  the  pyramids;  moreover, 
among  their  deeper  fibres  jjray  vcsieulnr  matter  occurs.  That  tliey  con- 
stitute mainly  a  coniniissuje  for  the  cerebellum  is  ai>parent  from  tlie  eir- 
cnmatancc  that,  in  those  animals  which  have  the  median  cerebellar  lobe 
only,  there  is  no  pons,  and  in  other  cases  its  relative  magnitude  is  iu 
proportion  to  the  sizq  of  the  cerebellar  hemispheres. 

FUKCnONS  OF  THE  PONS  VAROLU. 

The  functions  of  the  pons  varolii  aio  lliorefore  twofold :  it  acts  as  a 
conductor,  and  also  as  a  nerve  centre.  In  tlie  first  respect,  it  puncUoni  of 
is  the  channel  from  the  spinal  column  to  the  cerebrum  and  *'•"  i*"""- 
cerebellum,  and  also  between  the  cerebellar  halves,  and  cxi>enment3  upon 
it,  in  giv'mg  rise  to  sensations  and  motions,  are  in  conformity  with  wliat 
wc  should  anticipate  from  the  structure  and  functions  of  the  spinal  cord. 

In  the  aeeond  rt*spect,  as  a  nervous  centre,  it  has  been  stated  that,  when 
the  ccrebram  and  ccrcbcUmu  arc  removed,  but  the  pons  left  untouched, 
u  animal  gives  tokens  of  sensation  when  pinched  or  irritated,  and  likc- 
wwo  executes  motions  which  have  an  object ;  these,  however,  were  no 
lORger  observed  after  the  removal  of  the  pons. 

Wo  have  Imd  repeated  occasion  already  to  mention  that  the  surest 
.■mide  which  can  Ite  followed  in  iutorijretations  of  the  func- 
tions  of  the  ncr^-ous  system  is  compamtive  phynimogj'.     ( mr  ler'i  view»  of 
views  of  the  action  of  the  spinal  cord,  mednlla  oblongata,  [|^'^"j*,Jf;*J* 
and  even  portions  above,  hereafter  to  be  described,  will  !«  nsl  cunj  ofvfr- 
rcndercd  clear  by  a  knowledge  of  the  structure  and  fnnc-  [J^'J^JI^'' 
tiona  of  the  ventml  cord  of  the  articulata,  the  analogy  of  «iniof«nieo- 
which  to  the  parts  wc  have  had  under  consideration  was    "^' 
first  correctly  pointed  out  by  Dr.  Car^ienter.     I  tlierefore  transcribe  from 
his  General  and  Compniti\'e  Phj-siology  the  following  paragraphs,  which 
present  his  views  with  perspicuitj-. 

The  plan  on  which  the  ner\'otis  system  is  distributed  in  thm  wjV 
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king<]oin  articulata  exhibits  a  remarknblc  uniformitj'  tliroughont  the 
tvholc  aeries,  wliile  ils  character  gradually  becomes  more  elevated  as  ire 
trace  it  from  tlic  lowest  to  the  highest  divisious  of  the  group.  It  vsxx- 
ally  consists  of  a  double  nervous  cord  studded  with  ganglia  at  intcmLs 
and  tho  more  alike  the  diflcront  segments,  the  more  equal  are  these  gau- 
glia.  Tlie  two  tilamenta  of  tlie  nervous  cord  are  sometinies 
at  a  considerable  distance  from  one  anotlier,  and  the  gan^tft 
arc  distinct,  but  more  frrqucnlly  they  arc  in  close  apposition, 
and  their  ganglia  ap|)car  single  and  common  to  lx»lh-  That 
which  may  seem  as  tlie  typical  conformation  of  tho  nervoas 
system  of  this  groap  ia  seen  in  tho  ganglionic  cord  of«a>/> 
petulra^  or  in  that  of  the  larva;  of  most  insectfi,  such  as  tluit 
of  tho  »phinx  liffustrij  Fi/f.  149.  Here  wo  see  tho  ncrvoiu 
cord  nearly  uniform  tliroughoutt  its  two  halves  being  sepa- 
rated, however,  in  the  anterior  portion  of  the  body-  TTio 
ganglia  arc  disposed  at  tolerably  regular  intervals,  are  sinu- 
lar  to  eacii  other  in  size  (with  tho  exception  of  tho  lut, 
which  is  formed  by  the  coalescence  of  two),  and  c\*cry  one 
supplies  its  own  segment,  and  has  little  connection  with  any 
oilier.  The  two  filaments  of  tlic  cord  diverge  behind  tbc 
head  to  inclose  the  a'soplmguSf  above  which  we  Bod  a  pair 
of  ganglia  that  receive  tho  nerves  of  tlie  eyes  and  antcnDT. 
We  shall  find  that  in  the  higher  classes  the  inequality  in  tic 
formation  and  office  of  the  diiFcrcnt  segments,  and  tho  in- 
creased powers  of  spcciiil  sensation,  iuvolve  a  cousideiabk 
chuiige  iu  the  nervous  system,  which  is  concentrated  aboot 
the  head  and  thorax.  Iu  tlic  simplest  vennifomi  tribes,  oo 
the  other  liand,  we  lose  all  trace  of  separate  ganglia,  the  nervous  canl 
passing  without  evident  enlargement  from  one  extremity  to  the  other. 
"Whatever  may  be  tlie  degree  of  niuliiplication  of  the  ganglia  of  tlw 
trunk,  they  seem  but  repetitions  of  one  another,  the  functions  of  etch 
segmont  being  liic  same  with  those  of  the  rest.  The  cejjAalic  gna^v^, 
however,  are  always  larger  and  more  important.  They  are  connected 
witli  the  organs  of  special  sense,  and  they  evidently  possess  a  power  of 
directing  and  controlling  the  movementa  of  tlie  entire  body,  while  the 
power  of  each  ganglion  of  the  trunk  is  confined  to  its  own  segment 

"  The  longitudinal  gangUonic  cord  of  the  articulata  occupies  a  positioa 
whicli  seems  ut  tirst  sight  altogether  different  from  that  of  tho  ncrvooB 
system  of  vertcbrated  aniinaU,  being  found  in  tho  neighborhood  of  the 
ventral  or  inferior  surface  of  their  bodies,  instead  of  I}nng  jiist  beneath 
theii-  dorsal  or  upper  surface.  From  the  history  of  their  development, 
however,  and  fixfm  Bome  other  considerations,  it  has  been  saggcsted  that 
the  ic/wl<i  body  of  these  auimaU  may  be  considered  as  iu  ou  invortod  po- 
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Ihc  part  in  which  the  scgmcnlation  is  first  dUtinguighed  in  insects 
iig  the  equivalent  of  the  dorsal  region  in  vertcbrata,  and  tliat  over 
which  the  germinal  mcinLrane  is  last  to  close  in:,  being  homologcius  wilh 
tho  ventral  region.  This  view  applies  also  to  the  position  of  the  dorsal 
vessel,  which  would  then  be  on  the  ventral  side  of  the  axis,  as  in  vcrte- 
biutn.  Itcgardcd  \mder  tliis  aspect,  the  longitudinal  nervous  tract  of  ar- 
ticalatA  corresponds  with  the  spinal  cord  of  vcrtebrated  animals  in  posi- 
tioHf  aa  vc  shall  6nd  it  does  in  function. 

**  When  the  structure  of  the  chain  of  ganglia  is  more  particularly  in- 
quired into,  it  is  found  to  consist  of  two  distinct  tracts,  one  of  wiiich  is 
composed  of  nerve  fibres  only,  and  passes  backward  from  the  cephalic 
ganglia  over  tho  surface  of  all  the  ganglia  of  the  trunk,  giving  oft* 
branches  to  the  ncr^'es  that  proceed  from  them,  while  the  other  includes 
the  ganglia  themselves.  Ilence^  as  in  tlio  mollusca,  every  part  of  the 
body  has  two  sets  of  nervous  coimections,  one  witli  tho  cephalic  ganglia, 
and  the  otlier  with  tlie  ganglion  of  its  own  segment.  Impressions  made 
upon  the  afferent  fibres  wliicli  proceed  from  any  part  of  the  body  to  the 
crphalic  ganglia  become  Rennalions  when  conveyed  to  tlie  latter,  while  m 
re5.|iondenco  to  these,  tlie  consensual  impulses,  operating  through  the  ce- 
phalic ganglia,  harmonize  and  direct  tlie  general  movements  of  the  body 
by  means  of  the  efferent  nerves  proceeding  from  them.  For  the  purely 
reflex  operations,  on  tho  other  hand,  the  ganglia  of  the  ventral  cord  are 
sufficient,  each  one  ministering  to  the  actions  of  its  own  segment,  an  J  to 
a  certain  extent,  also,  to  those  of  otlier  segments.  It  has  been  ascertained 
by  tho  careful  dissections  of  Jlr.  Newport,  to  whom  we  owe  all  our  moat 
accurate  knowledge  of  the  ncr\ous  system  in  articulated  animals,  tlmt  of 
tho  fibres  constituting  the  roots  by  which  the  nerves  arc  implanlod  in 
the  ganglia,  some  pass  into  the  vesicular  matter  of  the  gangUon,  and,  after 
ooming  into  relation  with  its  vesicular  substance,  pass  out  again  on  the 
same  side  (/Vy.  150,/",  /•),  while  a  second  set,  after  traversing  the  vesic- 
ular matter,  pass  out  by  the  trunks  proceeding  from  the  opposite  side  of 
tlw  tame  ganghon,  and  a  third  set  mn  along  the  portion  of  the  cord  which 

connects  tlic  ganglia  of  different  BcgmcnlB, 
and  enter  the  nmous  trunks  that  issue  from 
them  at  a  distance  of  one  or  more  ganglia 
above  or  below. 

"7^/^.160,  from  ganglionic  tract  of  poly- 
dcsmus  maculatus.  i,  interganglionic  cord; 
0,  anterior  ncncs;  </,  posterior ;  y,  X',  tibrcs 
of  reHex  action;  ^,  A,  commissural  fibres;  j, 
longitudinal  fibres,  softened  and  enlarged  as 
they  pass  through  the  ganglionic  matter. 
**  Thus  it  appears  that  an  im^rcauQU  CAior 
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veyed  by  an  aficrciU  fibre  to  any  ganglion  mar  excite  motion  in  the  mu- 
clea  of  the  same  side  of  its  own  segment,  or  in  those  of  llto  opposite  iidc 
or  in  those  of  segments  at  a  greater  or  les^  distance,  according  to  ik 
point  at  which  the  efferent  fibres  leave  tJie  cord ;  and  as  the  fiinctioD  ot 
llicso  guiigUa  is  altogether  related  to  the  locomotive  actions  of  the  tn^ 
ments,  we  may  regard  them  as  so  many  repetitions  of  the  pedal  gao^a 
of  the  uioUuscar  tiieir  multiplication  being  iu  precise  accordance  with  tbkt 
of  the  instruments  wliich  tlicy  supply. 

**  The  general  conformation  of  articulated  animals,  and  the  ajrangi 
of  the  parta  of  their  nervous  systems,  render  them  |)eculiarly  iavoraUe 
subjects  for  the  study  of  the  reBe^  actions,  some  of  the  principal  ^ 
nomeua  of  which  will  now  be  described.  The  mantis  religiosa  custoiD- 
arily  places  itself  in  a  curious  position,  e3])eciiiUy  when  threatened  or  al- 
iHcked,  resting  on  its  two  posterior  pairs  of  legs,  and  elevating  its  tlioni 
with  the  anterior  pair,  whicli  ore  armed  with  powerful  claws ;  now  if  tha 
anterior  sograent  of  the  thorax,  with  its  attached  members,  be  rcraorecl 
the  posterior  jxirt  of  the  body  will  still  remain  balanced  upon  the  fijur 
legs  which  belong  to  it,  resisting  any  attempts  to  overthrow  it,  recover- 
ing its  position  when  disturbed,  and  pertbnuing  the  same  agitated  niore- 
nicnts  of  the  wings  and  elytra  as  when  the  unmutllated  insect  is  iiritalcd; 
on  the  otiicr  hand,  the  detached  portion  of  the  thorax,  which  coQtaioi  i 
ganglion,  will,  when  separated  from  the  bead,  set  in  motion  its  long  titas, 
and  impress  thiiir  hooks  on  the  fingers  wliich  hold  it.  If  the  head  of » 
centipede  be  cut  oflf  while  it  is  in  motion,  the  body  will  continue  to  move 
onward  by  the  action  of  the  legs,  and  the  same  will  take  place  in  the 
separate  ports  if  the  body  be  divided  into  several  cUstinot  portions* 
After  these  actions  have  come  to  an  end,  tliey  may  be  excited  again  hj 
iiTltating  any  part  of  tlio  nervous  centres,  or  the  cut  extremity  of  the 
nervous  cord.  The  body  is  moved  forward  by  the  regular  and  sucocssiTe 
action  of  the  legs,  as  in  the  natural  state,  but  its  movements  are  alw»ys 
fonvard,  never  backward,  and  arc  only  directed  to  one  side  when  the  for- 
ward movement  is  checked  by  an  interposed  obstacle.  Hence,  though 
they  might  seem  to  indicate  consciousness  and  a  guiding  will,  they  do 
not  80  in  reality,  for  they  arc  carried  on,  as  it  were,  mechanically,  anil 
ahow  no  direction  of  object,  no  avoidance  of  danger.  If  the  body  be  op* 
poBcd  in  its  progress  by  an  obstacle  of  not  more  than  half  of  its  ovn 
hciglit,  it  mounts  over  it.  and  moves  directly  onward  as  in  its  natural 
state ;  but  if  tlio  obstacle  be  equal  to  its  own  hciglit,  its  progress  is  arrest- 
ed, and  the  cut  cxtreraify  of  the  body  remains  forced  up  against  the  op- 
posing substance,  the  legs  still  continuing  to  move.  If,  again,  the  nerv- 
ous cord  of  a  centipede  be  divided  in  the  middle  of  tlte  trunk,  so  that  the 
hinder  legs  are  cut  oif  from  connection  witli  the  cephalic  ganglia,  they 
trill  continue  to  move,  but  not  in  lionaony  wiih  those  of  the  fon:  part  ol" 
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<the  body,  being  cornplelely  paralyzed,  so  far  h3  the  animal's  controlling 
power  id  concerned,  tliough  still  capable  of  performing  reflex  movements 
by  the  influence  of  their  own  ganglia,  wiiich  iniiy  thug  continue  to  propel 
the  body  in  opposition  to  the  determinations  of  tlie  animal  itself.  Tlic 
is  still  more  remarkable  when  the  nervous  cord  is  not  merely  di- 
rided,  but  a  portion  of  it  is  cnlirely  removed  from  tlie  middle  of  the  trunk; 
for  the  anterior  legs  still  remain  obedient  to  the  animal's  control,  the  legs 
of  the  segments  from  which  the  nervous  cord  has  been  removed  arc  alto- 
gctbcr  motionless,  wliilc  those  of  the  posterior  segments  continue  to  act 
llirough  the  redex  powers  of  their  own  ganglia,  in  a  manner  wliich  shows 
that  the  animal  has  no  power  of  checking  or  directing  them. 

'•The  stimulus  to  the  reflex  movements  of  tltc  legs  in  the  foregoing 
appears  to  be  given  by  the  contact  of  the  extremities  witli  the  solid 
m&ce  on  which  they  rest.  In  other  instances  the  appropriate  impression 
can  only  bo  made  by  the  contact  of  liquid.  Thus  a  dytkcus  (a  kind  of 
nrater-boetlc),  having  had  its  cephalic  gangUa  removed,  rcma'mcd  motion* 
less  SB  long  as  it  rested  upon  a  dry  surface,  but  when  cast  into  water  tt 

leculed  the  usual  swimming  motions  with  great  energy  and  rapidity, 
■tiiking  all  its  comrades  to  one  side  by  its  violence,  and  persisting  in 
tiiese  for  more  than  half  an  hour.  Other  movements  again  may  be  ex- 
cited ibrongh  the  respiratory  surface.  Thus,  if  the  head  of  a  centipede 
be  cut  off,  and,  while  it  remains  at  rest,  some  irritating  vapor  (such  as 
that  of  ammonia  or  mnnatic  acid)  be  caused  to  enter  the  air-tubes  on  one 
vide  of  the  trunk,  the  body  will  be  immediately  bent  in  the  opposite  direc- 
tiont  80  OS  to  withdraw  itself  as  much  ns  possible  from  the  inducncc  of 
tbe  vapor ;  if  the  same  irritation  be  then  ajipUcd  to  the  other  side,  the  re- 
Terse  movetnent  will  take  place,  and  the  body  may  be  caused  to  bend  in 
two  or  three  different  cun-es  by  bringing  the  irritating  vapor  into  the 
Bsighborhood  of  different  parts  of  either  side.  This  movement  is  evi- 
dently a  reflex  one,  and  8er\e9  to  withdraw  the  entrances  of  the  air-tubes 
from  the  source  of  irritation,  in  tlie  same  manner  aa  the  acts  of  cougliing 
imd  sneezing  in  the  higher  animals  cause  tlie  expulsion  from  the  air-pas- 
Mgea  of  solid,  liquid,  or  gaseous  irritating  matters  whiclt  may  Iiave  found 
ibeir  way  into  them. 

**From  these  and  simibr  tacts,  it  appears  that  tlic  ordinary  movements 
of  the  legs  and  wings  of  articulated  animals  arc  of  a  reflex  nature,  and 
onay  l>c  effected  solely  througlj  the  ganglia  with  which  tlieso  organs  are 
«everaUy  connected;  while,  in  the  pcrtect  being,  they  arc  harmonized, 
controlled,  and  directed  by  impulses  which  act  through  the  cephalic  gan- 
glia, and  the  nerves  proceeding  from  ihcm.  There  is  strong  reason  to 
^eUevc  that  the  operations  to  wiiich  these  ganglia  arc  subservient  are  al- 
MMt  entirely  of  a  consensual  nature,  being  immediately  prompted  by 
■cnsations,  chiefly  those  of  sight,  and  seldom  or  never  by  any  ^ttut^fisu^ 


of  a  traly  rational  cluiractor.     When  Tve  attcntivdy  consider  ihe  luUti 
of  these  animals,  we  tind  tiiat  their  actions,  though  cridcntlv  directed  to 
the  altainmejit  of  certain  ends,  are  very  far  fron»  being  of  the  wune  ffon.- 
tancoua  nature,  or  from  possessing  the  same  designed  adaptation  of  mean! 
to  ends  as  those  performed  by  onrsclves,  or  by  the  more  intelligent  vci- 
tchrata  under  like  circumstances,     \^'c  judge  of  this  by  their  unvarying 
character,  the  different  individiiuls  of  the  same  species  exocattng  pt^ 
ciscly  the  same  uiovcracnts  when  the  eircumatances  are  the  eacne,  and 
by  tito  very  elaborate  nature  of  the  mental  emotions  which  would  be  n> 
quired  in  many  instances  to  arrive  at  the  same  results  by  an  effort  o( 
reason.     .Of  such  wc  can  not  have  n  more  remarkable  example  than  Is 
to  be  found  in  the  operations  of  bees,  wasps,  and  other  social  insecti^ 
which  construct  habitations  for  themselves  upon  a  pUn  which  the  mort 
enlightened  human  intelligence,  working  according  to  the  most  relued 
gconietricid  principles,  could  not  surpass,  but  which  yet  do  «o  without 
education  communicated  by  their  parents  or  progressive  attempts  of  thcv 
own,  and  with  no  trace  of  hesitation,  conlusion,  or  interruption,  the  di^ 
iVrent  individuals  of  the  conmmnity  all  laboring  efledively  to  one  pu^ 
pose,  because  their  automatic  impulses  (producing  wliat  are  usually  term- 
ed instinctive  actions)  arc  all  of  the  same  nature, 

**  Not  only  arc  the  locomotive  ganglia  multiplied  in  accordance  with  tbe 
repetition  of  segments  and  members,  but  the  respiratory  ganglia  arc  mul- 
tiplied in  like  manner  in  acconlance  with  a  repetition  of  respiratory  at' 
gans.  The  respiratory  division  of  the  ner\"0U3  system  consists  of  a  cbian 
of  minute  ganglia  lying  upon  the  larger  cord,  and  sending  off  its  delicate 
ner\*e9  between  those  that  proceed  from  the  ganglia  of  the  latter,  as  seen 
in  7*7*/.  lol.  Tlicse  respirator^'  ganglia  and  their  nerves  are  best  seenia 
tlie  thoracic  portion  of  the  cord,  where  tlie  cords  of  communication  be- 
tween the  pedal  ganglia  diverge  or  8e]>ai-ate  from  one  another;  and  this 
is  particularly  the  case  in  the  pupa  state,  when  the  whole  cord  is  being 
shortened  and  their  divergence  is  increased.  The  thoracic  jwrtion  oftho 
cord  is  shown  ui  J'^iff.  152,  li,  wliich  represents  the  second,  third,  ana 
fourth  double  ganfjlia  of  the  ventral  cord,  the  cords  of  connection  between 
tliem  here  widely  diverging  laterally,  and  the  small  respiratory  ganglia 
which  are  connected  with  each  other  by  delicate  filaments  that  pass  over 
i^.  181.        the  ganglia  of  the  ventral  coni,  and  which  send  off  lateral 

brandies  that  are  disiribnted  to  the  air-tubes  and  other 
[l  (mrts  of  the  respiratory  apparatus,  and  communicate  writh 

those  of  the  otiicr  system." 

Illustrations  of  the  nervous  system  of  the  articulata. 

/''iff.  161,  A,  single  ganglion  of  ccntijjed^,  much  enlarged, 

showing  the  distinctness  of  the  purely  fibi-ous  tract,  i,  from 
«ngiinj>of«ini-    ^^^  ganglionic  column,  a.     Fig.  152,  B,  portion  of  the 
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<Ioul)Ie  cord  from  ihe  thorax  of 
the  pupn  of  sphinx  llgHShri, 
showiji}^  the  respiratory  gan- 
glia and  ner^'es  between  tlie 
ganglia  2,  3»  4,  and  the  sepa- 
rated cords  of  the  locomotive 
gyslem.  I'lg.  153,  C,  view 
of  the  two  Bystcnis  combined, 
showing  their  arrangement  in 
the  lan'ft:  o,  ganglion  of  tho 
ventral  cord ;  i,  fibrous  tract 
passing  over  it ;  f,  f,  respira- 
tory system  of  nerves,  distinct 
from  both. 

Having  thus  presented  the  views  of  Dr.  Carpen- 
ter lespccting  the  analogy  between  the  ventral  cord 
of  the  articulata  and  the  spinal  cord  of  the  verte- 
bmtA,  I  should  next  continue  tho  explanations 
which  this  physiologist  has  ofi'ercd  of  the  connec- 
tions and  Tclations  of  the  sensory  ganglia;  but  tliis 
can  rot  be  conveniently  done  until  wo  have  passed 
thiougii  the  dcsci*iption  of  tlie  organs  at  the  base  of 
tlie  brain. 


Fig.  ica. 


TkAraHc  imrtmn  of  mrA  of 


Combtiwiinn  nf  resplrwierr 
and  ktaoraollTV  giiigllfc 


CHAPTER  XVT. 

OF  THK  BRAIN. 

lirmn:  ita  .SrnteAuv. — /tt  Motor  and  Stiuoiy  ParUy  HrmirpttnTs,  and  ComtJtia.-narM. — ' 
Tir  .VcMforiuM. —  I'ariaiiont  qftlte  IlemisfJtent  Ui  Siae  and  Watjht. — lottrmmMal  Salvre 
nf  C^rtbrtim. —  7j4«  CerfMbaii:  Um  Strwfun  lUirf  F^mrtumt. — 0>-ordiwit(M  mvKvhr  Motions. 
— OMoecfHM  mVA  Amatii<e»ts». — /'Arrtofoyy. — Oandtliont  of  Action  y  lirain. 
^mmetrieal  DouHmen  ^Om  Brmm. — /'wirtion  oftitch  Hal/,  and  of  both  row/otnr/y. — /intrprnd- 
cnQB  and  IimionStiatitM  ^tatk  Ihtmnfthtre.—DoiAU  Thout/ht. — Ailentate  Tttowjht. — .Soitf- 
matt  ly*  /Ve-erufeHcv. — Lou  of  J'rrcfpiion  of  Time. 

Thk  cerebrum  and  cerebellum,  being  organs  additional  to  the  spinal 
cord,  and  developed,  as  has  been  shown  in  the  last  cimplor,  ^^ 
upon  i^  tlie  cord  being  able  to  discharge  its  own  functions  of  siruciure  of 
independently  of  them,  we  shall  liiid  it  at  once  tho  most  ' 
natural  and  most  commodious  inetliod  to  consider  their  sfructurcs  as 
arising  out  of  its  structure,  and  tlicir  functions  as  liaving  relation  to  ita 
fonctions. 

A  general  idea  of  the  stmctnre  of  the  brain  as  an  ap\»endagc  to  tUe 
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spinal  cord  may  be  gathered  hy  considering  that  a  btforc&tion  of  tk 
libres  takes  place  in  the  uicduUa  oblongata,  and  upon  one  oi*  the  ^^ 
suiting  bundles,  tlie  cms  cerebri^  tUe  cerebrum  i^  formed,  on  the  otber 
the  cerebellum.  Tiie  crua  cerebri  is  composed  of  three  strands :  an  infe- 
rior, the  tibres  of  which  have  come  from  the  anterior  pyramids,  and  m 
part  from  llic  olivary  Ixxlica.  This  strand  ends  in  the  corpus  strialmn, 
its  fibres  not,  however,  blending  abruptly  with  the  vesicular  matter,  ta 
passing  into  it  in  bundles.  It  is  cssL-ntially  motor.  A  superior,  vhkfa 
is  derived  from  the  posterior  pynmuds,  and  tcrmiiintcs  in  the  thalamu. 
It  is  eascntiaUy  sensory.  Between  thcac,  constituting  the  third  portion- 
strand  it  can  scarcely  iritli  propriety  be  called — is  a  layer  of  dark  veJi^ 
ular  material,  the  locus  nigcr.  It  is  to  bo  understood  that  the  motor 
strands  of  tlic  opposite  sides  decussate  in  the  medulla  oblongata ;  tie 
sensory  strands  decussate  in  the  mcsoceplialon. 

The  oUicr  bundle,  arising  in  the  original  bifurcation,  assumes  the  de^ 
rorroation  nt  igualion  of  cnis  corebelli.  On  it  the  cerebellum  is  devcl- 
the  wroiwUum.  o|^j,  j^  consists  essentially  of  fibres  from  the  Pcstifonn 
bodies,  re-cnforccd  by  others  which  have  come  from  the  anterior  pyramids 
under  the  name  of  arcitbrm  tiiiros.  Tlicse  together  make  their  way  to 
the  interior  ganglion  of  the  ecrebcUam,  the  corpoa  dcutotum,  and  there 
they  end.  But  the  crus  ccrebcUi  contains  likewiso  two  other  gmt 
strands :  an  inferior,  which  constitutes  the  commissure  of  the  two  coc* 
bcllar  hemispheres,  and  which,  running  round  the  cutiro  proloogalionaof 
the  spinal  cord,  forms  the  pons  varolii ;  a  8ui)crior.  the  processus  car* 
belli  ad  tester,  whicli  unites  the  cerebellum  and  cerebrum. 

Of  the  portions  of  the  spinal  cord  on  whicli  the  cerebrum  is  to  be  de- 
veloped, those  which  arc  sensory  end  in  the  optic  thalamus,  tliose  which 
are  motor  in  the  corpus  striatum.  The  thalamus  and  striatum  of  eaek 
side  may  be  regarded  as  one  coui|X)und  ganglion,  since,  like  tlic  coli 
of  the  cord,  they  are  united  by  a  gray  and  a  white  commissuic.  Oft' 
jMjrtiona  on  whidi  the  cerebellum  is  to  be  developed,  the  termination  is 
in  the  central  ganglion  of  the  cerebellum,  the  corpus  dentatum. 

At  the  place  of  bifurcation  of  the  constituent  strands  of  the  crus  cere- 
bri and  cms  cercbclli  from  each  other  in  the  medulla  oblon- 
gata, there  is  intercalated  or  included  a  ganglion,  which,  with 
its  apparatus,  constitutes  the  olivary  body,  the  fibres  of  which  make 
their  way  upward  between  the  two  preceding  bundles,  and,  having  bi- 
furcated, one  branch  goes  to  the  quadrigemina  and  the  other  to  tlio  op- 
tic thalamus,  the  latter  constituting,  as  has  been  said,  a  part  of  the 
crus  cerebri.  The  seat  of  power  of  tlie  medolla  oblongata  is  in  this 
ganglion. 

Such  being  the  anatomical  construction  of  the  cms  cerebri,  it  may  bo 
pliyaiologically  regarded  as  a  compound  strand,  tho  anterior  portion  of 
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I  which  U  motor,  the  posterior  sensory ;  and  between  these  a  Hnrvm  of  the 
dark  vesicular  deposit,  tlie  locus  niger,  wliicli  is  continuoas  Mrvstrandrrs 
hetween  tlie  vesicular  matter  in  tlio  spinal  cord  and  that  of  »pei:tiTelj-. 
the  thalamoa  and  corpus  Btriatum.  From  the  lowest  extremity  of  the 
oord  to  these  great  ganglia  there  is,  therefore,  an  unbroken  vesicular 
channeL  In  its  progress  onward  to  the  corpus  striatum,  the  anterior 
strand  yields  roots  of  the  spinal  accessor}',  hypoglossal,  facial,  abducens, 
the  small  root  of  the  fiftli,  the  trochlearis,  and  the  oculo-motor  nen-es. 
If  there  were  no  other  proof  of  the  motor  character  of  this  strand,  the 
motor  proi)erty  of  all  thc^c  nerves  would  he  sufficient  to  determine  it. 
In  like  maimer,  the  posterior  strand  yields  the  pneumogastric,  the  gloaso- 
pharjTigcjd,  and  the  sensory  root  of  the  fiftli,  from  the  sensor)*  functions 
of  which  its  sensory  character  is  estalilished. 

The  layer  of  vesicular  matter  which  is  found  upon  the  cerebral  convo- 
Intions,  and  which  is  doubtless  the  seat  of  the  higher  intcl-  R«Ution  of  ihe 
Icctual  qualities,  has  tliereforo  no  communication  with  the  J^^orf  tile  ^ul- 
vesicular  matter  of  the  spinal  axis,  by  contact  or  continua-  bpUewj. 
tion,  but  only  llirongh  the  intervention  of  lihrcs  which  radiate  upon  it  in 
all  directions  from  the  thalamus  and  striatam,  or  rather  through  some 
which  radiate  from  the  great  sensory  centre,  the  thalamus,  to  the  periph- 
ery of  the  ccrcbruro,  and  others  which  converge  from  that  periphery  to 
the  great  motor  centre,  the  striatum.  If  the  diameter  of  these  fibres  be 
assumed  to  be  ^^{^ft  of  on  inch,  there  must  be  many  millions  of  tlicm 
in  tlic  o^regate.  The  vcsicukr  matter  of  the  hemisphere  is  arranged 
on  tlie  supcHicies  instead  of  centrally,  on  account  of  tho  necessities  of 
their  structiire  and  condition  of  activity,  for  thereby  a  great  surface  is 
obtained,  which  is  further  increased  by  the  artifice  of  convolutions,  a  ve- 
sicular surface  which,  counting  in  tliat  of  the  cerebellum,  has  been  esti- 
mated at  670  square  inches,  and  blood  can  be  copiously  supplied  and 
freely  removed. 

But  the  thalamus  and  striatum  are  only  two  of  a  cliain  of  ganglia  be- 
ttcath  the  cerebral  hemispheres.  Anteriorly  we  find  the  ol-  caneliii  at  the 
factive  ganglia,  or  bulbs  of  the  olfactory  nerves,  which  are  VnMofiiM) 
seated  upon  [xxlunclcs,  though  their  character  is  manifo-st  from 
the  gray  matter  they  contain.  Behind  these  are  the  tubercula  quadri- 
gemina,  to  'which  the  optic  nerves  run,  and  wliich  are  tlicrefore  their  gan- 
glionic centres.  "What  answcxa  to  the  auditory  ganglion  is  lodged  at  a 
distance  back,  at  the  fourtli  ventricle,  and  the  gustatory  ganglion  is  in 
the  medulla  oblongata.  These  are  the  ganglia  of  special  sense,  and  to 
be  regarded  as  suhordhiate  to  the  thalamus,  which  is  their  common 
register. 

All  these  parts  are  coramissured  with  one  another,  and  with  their  fel- 
lows of  the  opposite  half  of  the  brain.     Indeed,  so  likewise  are  all  ita 
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romm[««ire«  of  pflfts,  tlic  different  cerebral  iobcs,  the  opposite  hcmiBpherea, 
ib«  train.  adjacent  and  distant  convolutions,  the  ccrDbram  with  tiif 

cerebellum.  Hence  arisen  a  atnicture  of  extreme  complexity.  Among 
the  commiasural  apparatus  may  be  more  particularly  mentioned  the  exu- 
pus  cnllosum,  the  ibrnLx.  the  anterior,  the  poatcriori  the  soft,  and  the  N^ 
[>crior  longitudinal  commissures. 

For  the  sake  of  a  clear  conception  of  the  structnrc  of  the  bnin.  so  fax 
A»p*rtaofth«  *s  ia  required  for  physiological  purposes,  the  annexed  repre- 
braJn.  sentations  of  its  superficial  aspecta  are  given.     These  are  a 

preparation  for  the  diagrammatic  sketches  whidi  follow,  and  which  cai- 
ble  us  to  understand  the  relation  and  dependence  of  tlic  more  prominent 
parts.  It  need  scarcely  be  added  that  tJio  uses  and  functions  of  nearif 
all  the  subordinate  parts  are  at  present  wholly  unknown.  For  the  time 
being,  they  are  therefore  objects  of  interest  to  the  anatomist  rather  than 
to  the  physiologist. 

J*'iff.  154,  external  lateral  face  of  the  right  half  of  the  brain :  1,  mo- 
dulla  oblongata ;  2,  pons  varolii ;  3,  cerel>cllum  :  4,  pncumogastric  lob- 
ule; 5.  frontal  convolutions  ;  G,  parietal  convolutions  ;  7,  occipiUJ  ooa- 
volutions ;  8,  fissure  of  Sylvius ;  9,  9,  its  two  brandies. 

Fig.  154.  F(ff.  1RV 


Kstcnul  teUnl  fltw  of  Itw  hnln. 


Fig.  l.'io,  superior  asj)ect  of  the  brain : 
1, 1,  anterior  lobes ;  2, 2,  posterior  lobe.** ; 
3. 3,  great  median  fissure ;  4,  -t,  fissures  ^'"^"  .n«i  «r  Uh.  hr^ 

of  Kolando ;  5,  5,  anterior  parietal  convolutions ;  G,  G,  posterior  parietal 
convolutions ;  7,  7,  rudimentary  parietal  convolutions ;  8,  8,  frontal  con- 
volutions ;  9,  9,  occipital  convolutions. 

Fig,  156,  internal  lateral  face  of  the  right  half  of  the  brain:  1,  half 
of  medulla  oblongata ;  2,  half  of  jwns  varolii ;  3,  half  of  cms  cerebri ;  4, 
nrbor  vita'  of  cerebellum  ;  6,  a([uediict  of  Sylvius  ;  6,  half  of  the  valve 
of  Vicussena ;  7,  two  of  the  tubercula  qnadrigemina ;  8,  half  of  the  pin- 
eal gland  ;  9,  its  inferior  peduncle ;  10,  its  anterior  pe<Iuncle ;  11,  trans- 
rcrso  portion  of  the  fissure  ofBidrnt;  12»8u^tiorfaceof  the  optic  tract; 
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13,  its  Internal  fncc;  14,  commis- 
siua  mollis;  15,  int'andibulutn;  IG, 
portion  of  pituitary  gland  ;  17, por- 
tion of  tuber  cinereon.;  I8,pisilbrm 
tubercle;  19,  locua  pcribratus;  20, 
oculo-motor  nerve;  21,  portion  of 
optic  nerve ;  22,  anterior  cerebral 
commissure;  23,  foramen  of  Mon- 
roe; 24,  fornix;  25,  septum  luci- 
duni ;  26,  orpus  callosuni ;  27, 
splcnium  ;  28,  genu  ;  29,  sinus  of 
the  corpus  collosuni ;  30.  gyrus 
fomicntns;  31,  internal  convolu- 
of  the  anterior  lobe ;  32,  deep  anfractuosity;  33,  convolution  of  pos- 
lobe ;  34,  anfractuositjr. 

J*^ff.  15V,  base  of  the  brain,  photo- 
graphed from  a  wax  cast:    1,  1,  autcii- 
or  lobes  ;   2, 2,  middle  lobes ;  3, 3,  pos- 
terior lobes;  4,  anterior  portion  of  great 
median  fissure;  5,  itu  posterior  portion : 
6,  C,  fissures  of  Sylvius ;  7,  7,  antcro- 
posterior  portions  of  (he  great  iissure 
of  Bichat ;    8,  tuber  cincreum ;    9,  9, 
corpora  albicantia;  10,  locus  pcribratus 
medius ;  1 1 , 1 1 ,  crura  cerebri ;  1 2,  pons 
Tarolii;    13,  medulla   oblongata;    14, 
14,  anterior  pyramids;   15,  15,  olivarj' 
bodies;   16,  16,  restifi^nn  bodies;  17, 
17,  lateral  lobes  of  the  cercbcUuni ;  18, 
portion  of  its   middle  lobe;    19,  19, 
wo  small  antero-]>osterior  convolutions  of  the  frontal  lobe,  sepai-ated  by 
|bo  groove  of  the  olfactory  nerve;  20,  oblique  convolution,  limiting  tlic 
ure  of  Sylvius ;  21,  convolution  of  tbc  great  cerebral  fii^sure ;  22,  ol- 
totry  ner^■e  ;  23,  its  bulb ;  24,  24,  optic  nen'cs  and  their  chiasm  ;  25, 
5,  oculo-motor  nerves  ;  20,  26,  [uithctlci ;  27,  27,  great  and  small  roots 
the  trifacial;  28,28,  external  oculo-motorncrves;  29, 29, facial  nerves ; 
►,  30,  auditory;    31,  31,  glosso-pharjTigcal;    32,  32,  pneumogastric 
es;  33,  33,  spinal  accessory;  34,  34,  great  hypoglossal.     In  litis 
ring  several  of  ttie  s^-mmetrieal  numbers  arc  not  repeated,  for  the 
of  deamcas, 
^i^.  158  is  an  analytical  diagram  of  the  brain  in  a  vertical  section 
m  3Iayn).     It  ser\"es  to  impress  on  the  mind  the  foregoing  sirm-turp  of 
ictural  descriptions,     s,  Spinal  cord  prcjiaring  for  bihirca-  ^^^  ^^""- 
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tion ;  r,  rcRtiform  bodies  passing  to  tf,  the  ccrebellani ;  d^  corpuB  denti? 
turn  of  the  ccrelioHum  ;  fl,  intnrcaUtion  of  the  olivary  Ijody ;  y^  columns 
continuous  witli  the  olivary  bodies  and  central  part  of  the  niedolU  oV 
longata,  and  ascending  to  the  tubercula  quadrigeniina  And  optic  tliahuni; 
p^  anterior  pjiamids  :  r,  pons  varolii ;  n,  ft,  tubercula  quadrigcmina; 
g^  geniculate  body  of  tlic  optic  tlialanms ;  ^  processns  oerebelli  ad  leates; 
a,  anterior  lobe  of  the  brain ;  q^  jwflterior  Iol>e  of  the  brain. 

Fig,  159,  the  motor  tract  (fioin  SirC.  Bell).  A,  A,  Hbrea  of  the  hcin- 
iflphcrcs  converging  to  form  the  uiitcrior  ]K)rtion  of  the  cms  cerebri ;  K, 
the  same  tract  when  passing  the  cms  cerebri ;  C,  the  right  pymmidal 
body,  a  little  above  the  point  of  decussation ;  D,  the  remaining  part  of 
the  pons  varolii,  a  portion  having  been  dissected  off  to  expose  B.  I, 
olfactory  nerve  in  outline;  2, union  of  optic  nen-ea;  8,8,  motor  oculi; 
4,  4,  pathcticus ;  6,  5,  trigeminus ;  fi,  (>,  its  muscular  division  ;  7,  7,  its 
Mnsory  root ;  8,  origin  of  sensory  root  from  the  posterior  part  of  the  me- 
duUa  oblongata ;  U,  abducens  ocrli ;  10,  auditory  nerve;  11,  facial  nerve j 
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12|Cdgfath  pair;  13,  bypojii^loss^il;  14,  spinal  neircs;  15,  spinal  acces- 
sory of  right  8ido,  seporatctl  from  par  vaf^im  and  plo3SO-pha^^^lgeal. 

i^ig.  lUO  (on  tbe  following  page),  the  sensory  tract  (irom  SirC.  Bell). 
A,  fXHu  varolii ;  B,  B,  sensory  tract  separated ;  C,  union  of  posterior 
columns ;  D,  D,  posterior  roots  of  spinal  nerves ;  E,  sensory  roots  of  tlie 

»  fifth  pair. 
Tlie  ganglia  at  tlie  l>aso  of  (he  brain  are  regarded  by  Dr.  Carpenter  as 
constituting  tho  true  sensoriuni,  a  doctrine  which  he  has  cs-  ^^ 
tftbliftfacd  by  many  wciglity  arguments,  and  which  is  doubt- 
less one  of  the  most  important  thvis  far  introduced  by  any  physiologist. 

Tbe  idea  licrc  intended  to  l)e  conveyed  is,  that  the  thalaini,  striata, 
BCtaorj  ganglia,  and  ncr\'ous  arrangements  below,  constitute  on  isolated 
apparatus;  distinct  from  which,  and  superadded,  are  the  cerebral  hem- 
ispheres. 

From  observations  on  the  animal  scries,  the  conclusion  seems  to  bcun- 
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avotilnlilc  that  tlic  chain  of  ganglia  now  under  consideration  must  cca* 
,f;titutu  n  Kcn»oriuin,  the  centri^wtal  fihrea  com nrnni eating  their  impression 
rjid  motion  ensuing,  the  impressions  being  attended  witli  consciousneaa. 
This  view  is  tnorcovcr  substantiated  by  observations  made  after  exciaicm 
of  the  cerebrum,  a  certain  degree  of  consciousness  remaining,  not  unlikf 
that  exhibited  hy  a  man  who  is  half  asleep.  This  condition  of  things  'a 
natiu'all}'  presented  in  tltc  amphioxus. 

J$at  after  the  cci'ehral  licniis]>hcrca  arc  added,  an  impression  received 
EflMofibeid-  '^P^"  *^°  thalamus,  whether  it  has  come  in  through  the  so*- 
dlttononhe  sory  ganglia,  or  any  other  sensory  part  of  the  cranio-spinal 
**'*     "'■  axis,  is  transmitted  to  the  ccmvolutiona  along  the  radiating 

fibres.  From  the  convolutions,  the  influence  whicli  is  to  prodaoo  n»- 
tion  descends  along  the  converging  fibres  to  tlio  striatum,  thonoe  along 
tlio  Ulterior  layers  of  the  crue,  through  tlie  meHOcephalon  to  tlio  anterior 
lyramids.  and  by  their  decussation  to  the  opposite  side  of  the  cord. 

Sueii  is  the  view  which  Hr.  Carpenter  prescjits  of  tlie  functions  of  tlie 
sensory  ganghu  and  spinal  axis ;  or,  employing  the  terms  no  have  pre- 
viously dolined,  the  cord  alone  is  a  lon^tudinal  scries  of  Mitoraatic  arcs; 
on  the  addition  of  the  tlialanius  and  striatum,  it  becomes  a  compound 
registering  arc,  the  cerebral  hemispheres  finally  annexed  to  it  constitut- 
ing an  inBucntial  arc 

In  a  simple  arc,  an  impression  is  at  once  converted  into  motion,  and 
leaves  l)chind  it  no  traces ;  its  expenditure  is  instantaneous  and  complete. 
In  a  registering  arc,  a  part  of  the  impression  ia  stored  up  or  remaiiu — 
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nay,  ©vcn  (lie  wliole  of  it  may  be  so  received  and  retained.  It  la  not  to 
te  overlooked  that,  as  soon  as  this  effect  occurs,  the  evidences  of  sensation 
arise;  and,  since  sensation  necessarily  implies  the  existence  of  ideas, 
ideas  tliemselves  arc  doubtless  dependent  on  this  partial  retention  or  peg- 
istjy  of  impressions.  We  may  therefore  adopt  the  doctiine  of  Dr.  Car- 
penter, as  regards  the  sensorial  fiinctions  of  the  cranio-splnal  apparatus, 
tool  only  from  the  arguments  he  has  presented,  but  also  from  otlier  con- 
siderations. 

There  can  be  no  doubt  tliat  the  cerebral  hemisplieres  constitute  the  in- 
strument through  wliich  the  mind  exerts  its  influences  on  the  General  resalt 
liodv.     An3- injur}' of  sufficient  severity  inflicted  upon  them  "f  v.-iriaii«ii 

-        *  1     I        •   1  11  /••It  1  in  th«  size  and 

Is  at  once  attcnaou  witii  a  totju  loss  ot  mtcUectual  power;  wtiRiiiofiha 
any  malformation  or  lesion  by  disease  is  attended  liy  a  dctc-  ''*-'>»"'p'>p»«' 
Tioration  liclow  the  customary  mental  standanl;  any  unusual  develop- 
ment with  correspondingly  Increased  powers  of  intellection ;  and  this  not 
only  as  regards  animals  of  difterent  tribes,  or  individuals  at  special  peri- 
ods of  their  lives,  but  also  of  different  men  when  compared  witli  one  an- 
other. The  general  impression  is  founded  in  fact  tliat  those  who  have 
distinguished  themselves  fur  mental  attainments  or  intellectual  power 
have  been  marked  by  the  unusual  development  of  their  cerebral  hemi- 
spheres. 

It  is  to  be  understood  that,  in  tlms  asserting  a  correspondence  between 
the  development  of  tlie  cerebrum  and  intcllectn.al  capability,  .  . 

we  are  not  to  overlook  the  instrumental  nature  of  that  organ,  nature  ofccK- 
Though  imperfections  in  it  may  produce  a  manifest  inferior-  '""°' 
ity,  that  inferiority  is  by  no  means  to  be  referred  to  the  intellectual  prin- 
ciple itself.  The  mode  of  action  being  by  an  instrument,  if  that  instru- 
ment becomes  imperfect  the  action  Iwicomes  imp<^rlcct  too.  Under  such 
circumstances,  in  any  human  contrivance,  we  should  never  (hink  of  im- 
puting inferiority  to  the  prime  mover. 

From  tliis  point  of  view  we  may  tlicrefore  consider  the  intellectual  prin- 
ciple aa  possessing  powers,  propci'tied,  and  faculties  of  its  own ;  as  being 
actc<i  on  by  impressious  existing  in  the  thalamus,  and  delivered  througb 
the  intervening  tibroua  structures  to  the  vesicular  material  of  the  convolu- 
tions of  the  cerebral  hemispheres.  In  this  region  they  act  upon  the  in- 
tellectual principle  and  arc  acted  upon  by  it,  the  returning  influence,  if 
any,  coming  down  through  the  converging  tubular  structures  to  tlie  cor- 
pus striatum,  aud  by  its  commissural  connections  sent  otT  to  particular 
ganglia,  passing  along  the  inferior  strand  of  the  cnis  tlirough  the  mcso- 
cephalon  to  the  anterior  pyramids,  and  by  their  decussation  to  the  oppo- 
site side  of  the  cord. 

Having  thus  spoken  of  the  sensoty  ganglia  and  the  cerebral  hemi- 
spheres} it  remains  to  add  some  remarks  respecting  the  cerebellum.     It 
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n»  oenbel-  arises,  as  has  been  stated,  from  the  triple  Htrand  of  tlic  cnia 
Iwn-  cerebcUi,  of  wliich  one  layer  of  tibres  is  connected  with  tl« 

corpora  quadrigcmina,  and  throngb  tltom  with  the  optic  thalami ;  a  sec- 
ond with  the  rcstiform  bodies ;  and  tlic  third  ia  commissural,  and  paaan 
tbrwanl  as  the  pons  varolii. 

Like  the  cerebrum,  this  organ  is  vesicular  on  its  surface^  which  pre- 
sents a  number  of  parallel  lines,  which  ore  fissures  descending  to  the  in- 
terior. Their  object  is  apparently  the  same  as  tliat  of  the  convolattODB 
of  the  brain,  tlio  augmentation  of  surface.  Of  these  fissures,  th«  deep 
are  termed  the  primary :  lliey  divide  the  organ  into  lobes.  Those  whidi 
descend  to  a  less  depth  arc  termed  secondary :  tlie  dirisions  lliey  gitt 
rise  lo  are  lobules.  The  gray  vesicular  material  does  not,  however,  de- 
scend to  the  bottom  of  tho  primary  fissures,  and  in  this  respect  they  dif- 
fer from  the  cerebral  convolutions.  Moreovcrt  from  this  circumstanccv 
that  material  is  not  continuous  all  over  tho  cerebellum,  but  is  in  divided 
portions. 

Such  arc  the  appearances  presented  on  an  exterior  exatninatiou  of 
Stnieiuraof  ^ho  ccrebclluiii.  Viewed  as  a  development  upon  the  crun 
ihecewUUttm.  ceiebelli,  it  may  be  described  as  consisting  of  a  median  loU 
and  two  Iicmiaphcrcfl  ;  the  former  is,  however,  found  existing  alone  in  lialh 
cs  and  roptilod,  the  latter  being  subsequently  added  in  the  liiglier  trilxfl. 
From  the  central  column  of  each  hemisphere  white  fibrous  planes  are 
given  off,  and  from  these,  again,  secondary,  and  again,  tertiary  planei 
proceed.  The  planes  are  covered  with  vesicular  matter,  and  tlius  grre 
rise  to  the  appearance  spoken  of  in  the  preceding  paragrapli,  in  the  exte- 
rior examination  of  tlic  cerebellum,  as  primary  and  secondary  fismiTffc 
They  are  lined  with  pia  mater.  The  median  lobe  is  formed  on  the  mM 
plan.  Its  fibrous  stem  comes  from  the  processus  ccrobclli  ad  testes,  or, 
more  properly,  from  the  optic  thalamus.  The  weight  of  the  ccrebcllam, 
compared  with  that  of  tlie  ccrehmm,  is  usually  stated  as  being  about  1  to8. 

Much  diversity  of  opinion  prevails  respecting  tlie  true  function  of  the 
ccrelx;llum,  some  supposing  that  it  is  the  centre  of  common  sensation, 
others  tJiat  it  is  for  the  purix)se  of  co-ordinating  muscular  niorem^t, 
and  others  that  it  is  tho  scat  of  sexual  instinct. 

That  the  cercl)cllum  is  one  of  the  sensory  ganglia  may  be  inferred  from 
FaBctbmorUM  ^^^^  history  of  its  development  and  its  anatomical  connec- 
cerebeUuro.  tions.  Its  median  lobe  is  the  first  to  appear,  as  in  fislies, 
and  the  hemispheres  arise  subsequently  as  appendages  thereto,  as  in 
tnrds.  The  size  which  these  eventually  attain  g^ves  tliem  a  deceptive 
prominence,  and  hides  their  sulwrdinate  character.  Kcgardiug  the  lobe, 
therefore,  as  the  essential  and  fundamental  portion  of  tho  structure,  the 
signiticancc  of  its  cerebral  connection  with  the  thalamus  through  the  pro- 
cessus ad  testes  is  too  obvious  to  be  overlooked.     As  by  tliis  its  , 


aen^^ 


PLTfCTIONS   OF  TirE   CEREBELLUM. 


323 


\ 


I 


\ 


ry  dmrnctcr  is  displayed,  bo  the  same  holds  good  for  the  Jiemiaphenea, 
tbetr  relations  with  the  spinal  cord  through  the  rcstiforin  bodies  being 
■Ibo  of  »  sensory  nature.  It  seems  probable  that  the  superficial  vesicu- 
lar material  is  in  anatomical  connection  with  the  tlialamus,  and  the  cor^ 
pus  dentatuDi  or  inner  ganglia  with  the  posterior  or  sensoiy  colomns  of 
ihe  cord- 

Thc  arguments  which  have  been  brought  forward  by  those  who  sup- 
poee  the  cerebellum  to  have  for  its  office  tlio  co-ordination  of  Tho  aoctrin» 
general  mnscolar  movement,  may  be  briefly  quoted  as  fol-  [^^'iJ^^l^uI 
Iowa  :  There  appears  to  be  a  general  correspondence  between  mocioii. 
its  size  and  the  degree  of  energy  and  complication  of  the  motor  powers 
ia  various  animals.  Thus,  in  tisties,  and  likewise  in  birds,  those  tribes 
which  excel  in  their  powers  of  motion,  or  arc  distinguished  by  the  com- 
plication  of  their  movement?,  are  chametcriKed  by  the  manner  in  which 
thia  organ  is  dcvclojKyl ;  and  the  same  may  |je  wii«l  even  of  the  mamma- 
lia, quadrupeds  whose  locomotive  mechanism  is  simple  posscssuig  it  in 
a  lower  state  of  development  tlian  those  which  either  temporarily  or 
constantly  move  on  the  posterior  extremities.  Among  apes,  those  which 
more  frequently  assume  the  erect  posture,  which  is  normal  to  man,  have 
their  ccrelWhim  of  a  size  more  closely  approaching  to  his. 

On  examining  such  facts,  it  appears  tl»at  it  is  not  so  much  muscular 
as  tho  quality  of  co-ordinating  and  governing  minute  muscular 
tDotions.  To  maintain  the  standing  position  motionless,  there  are,  in  re- 
ality, a  great  many  muscular  movements  required,  which  serve  to  antag- 
onize all  the  little  incidents  producing  a  tendency  to  tall ;  and  if  this  be 
00  in  standing,  how  much  more  difficult  must  such  antagonizing  and 
compoHsating  actions  l)ecomc  in  walking,  running,  and  snch  movements. 
Theoictically,  it  might  be  cxiwctcd  that  some  sjwcial  organ  is  necessary 
to  combine  such  various  actions,  and  that  organ  seems  to  be  the  cere- 
bcllnm. 

In  contirraation  of  this  are  the  experimental  results  which  have  l>ccn 
obtained.  The  cerebellum,  on  irritation,  gives  rise  to  no  Rwulu  of  ex- 
convnisive  mr)tinns.  nor  to  sensations.  If  removed  by  de-  ih«  "^ii!i. 
grecs  in  snccrssivc  slices,  the  motions  of  tin*  animal  beirome  turn. 
irrrgubir,  and,  finnlly,  it  loses  all  power  of  walking  or  of  maintaining  its 
iHjuilibriuni.  Though  the  powers  of  the  animal  in  bringing  its  muscles 
into  contraction  sccni  not  to  Iiave  suflcreil,  it  can  not  co-ordinate  or  com- 
bine the  necessary  muscular  exertions,  and,  as  is  graphically  stated,  stag- 
gera  and  falls  over  lik(!  a  drunken  man,  still  making  efforts  to  maintain 
ifa  balance.  Such  exix^riments  have  Ix^n  rcpcate<lly  made  in  the  case  of 
diSoicnt  animals,  and  with  the  same  results. 

Connected  with  these  results  of  experimental  lesions  of  the  cerebellum 
are  the  rotations,  as  they  are  tcnned,  which  occur,  for  ex&m^\c,^\wsv  «ftft 
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BotairmoiJoM  of  the  cTUTa  corcLclli  is  cut,  the  animal  rolling  upon  itsW 
efaniiult.  gittidinal  axis  for  a  long  time  and  with  great  raptilitr. 
From  such  facts,  it  has  therefore  l)een  concluded  that  the  function  of  iLe 
cerobcUum  is  neither  for  sensation  nor  intellection,  nor  is  it  the  source  of 
voluntary  movements,  but  that  it  is  for  tlio  government  or  contrvl  of 
combined  muscnlar  action.     This  is  the  view  of  il.  Klourciis. 

II.  Foville  supposes  that  tlic  cerebellum  is  fur  tlie  perception  of  ihc 
Doctrine  that  scnsations  derived  from  the  rausclea,  and  enabling  the  nuul 
inreiteiiimi  if  \q  excrt  tt  guiding  action.  The  facts  whicli  support  the  pR- 
Uon  of  mnwa.  ccding  vicw  suppoft  tlils  aUo,  there  being,  moreover,  in  tliic 
lar  •euBiUoiu.  cjitjc^  an  additional  argument  derived  from  the  comiection 
which  the  cerebellum  has  Ix^n  shown  to  maintain  with  the  scnson'  col- 
nmns  of  the  cord,  and  the  pain  experienced  on  irritating  the  restifbtui 
columns.  It  Iiaa  likc^viso  been  pointed  out  that  this  hypothesis  iilna- 
tratcs  the  connection  between  the  cerebellum  and  the  optic  ganglia,  as  if 
it  were  for  the  puqiose  of  bringing  the  oigans  of  sight  to  the  aid  of  tiiis 
co-ordination  of  muscular  motion. 

A  third  hypotlicsis,  to  which  allusion  has  been  made,  ia,  that  the  cere- 
^  ^  ^  bellum  is  the  oigan  of  sexual  iustijict,  or  of  amativetiess,  as 
It  U  Um  orftan  it  is  texmed  by  phrenologists.  Tlic  evidence  of  this^  wlua 
orsMUTKMiM.  fjjjyjy.  examined,  i.%  however,  vay  far  from  afibrdtng  a  fiill 
proof;  indeed,  in  many  instances  the  facts  arc  in  direct  opposition  to 
the  doctrine.  In  castrated  animals  the  cerebellum  uudcrgoes  no  dimi- 
nution. Tliere  ia  no  coincidence  between  the  intensity  of  that  instinct 
in  the  diifercnt  animal  tribes  and  the  degree  of  development  of  this  or- 
gan ;  and  where  it  has  been  in  a  diseased  condition,  there  lias  not  been  a 
necessary  corTCS]iondence  between  the  lesion  and  the  loss  of  the  instinct 

This  view  of  the  ftmction  of  the  eercbcllum  is  connected  with  tlie  doc- 
trine of  special  localization,  or  phrenology,  which  may  therefore  be  here 
briefly  considered ;  the  general  expression  of  iliis  doctrine  being  that  pir- 
ticuliu  regions  of  the  brain  arc  devoted  to  special  fnnrtioms 
and  that  by  an  ina[>cction  of  tbo  exterior  of  the  cranium  men- 
tal peculiarities  may  be  detected.  Drs.  Gall  and  Spurxheim  considea^J 
thnt  this  >-icw  is  supported  by  the  fact  that  the  specialization  of  functij|^| 
in  the  brain  is  agreeable  to  the  general  mechanism  of  the  system,  in 
whicli  particular  organs  are  charged  with  particular  duties  ;  that,  in  any 
individual,  the  mental  powers  are  not  equally  or  jiroportionally  developed, 
but  some  at  one  and  some  at  another  period  of  life,  and  so  likewise  of  theii 
decline,  some  remaining  at  their  original  strength,  while  others  may  have 
Artfumcnu  in  bocome  scriously  impaired.  It  docs  not  appear  liow  each 
Curlti^'^rf  '^^^^  ^^*"  ^  cxplmncd  upon  the  h^-pothesis  that  tlic  whole 
functioiu.  brain  acts  as  a  imit.  Thoy  may  be  readily  Qndcrst^x>d  if  it 
he  supposed  to  act  by  parts  which  are  developed  in  sncoeesi^o.     Tlie 
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fsBnic  condusion  is  arrived  at  from  well-known  facta  connected  with  in- 
lity,  in  which  it  \QTy  frequently  happens  that  some  of  the  faculties 

lalotie  are  deranged,  wliLle  the  others  retain  their  power,  and  some  raay 
tven  become  more  {x^rfcct  than  before ;  so.  likewise,  in  drcamiitg,  some 
of  the  faculties  retain  tlii-ir  activity,  while  otherH  have  become  torpid; 
and  fio,  likewise,  when  diflereiit  individuals  are  compared,  some  exhibit  a 
superiority  in  one,  and  Bome  in  another  mental  particuhtr ;  and  it  is  as- 
serted that  where  the  Bame  peculiarity  has  predominated  in  different  in- 
divitluaU,  it  ha3  always  been  attended  by  an  unusual  development  of  a 
special  locality  of  the  brain.  Nor  is  there,  in  these  views,  any  thing  that 
flitandd  in  contradiction  to  the  general  plan  upon  which  the  nervoua  sys- 
tem itself  is  constituted,  as  is  manifested  by  the  different  sensor}'  gan- 
glia for  vision,  hearing,  or  smell,  or  the  arrangement  for  motion  or  sensa- 
tion presented  by  the  spinal  cord ;  and,  moreover,  they  arc  supi>ortcd  by 
the  com|Kirative  anatomy  of  tliis  system ;  for,  whatever  grade  of  animal 
Kfe  "WO  mav  consider,  the  appearance  of  a  new  function  or  of  a  new  in- 
stinct 13  certain  to  ho  connected  with  a  new  and  contemporaneous  devel- 
opment of  some  part  of  the  nervous  system. 

The  facta  which  have  been  obser\'ed  in  cases  where  one  ccrchral  hem- 
tsphcTTS  Ims  cither  suffered  lesions  or  lost  its  functions,  do  not  present 
■ay  contradiction  to  the  preceding  doctrines ;  for,  though  the  remaining 
hemisphere  may  seem  to  act  eqnally  well  alone,  as  did  both  together,  we 
are  very  apt  to  deceive  ourselves  as  rcgiu-ds  the  actual  facts,  a  statement 
which  may  be  illustrated  by  recollecting  how  easily  we  persuade  our- 
selvea  tliat  we  sec  witli  one  eye  as  well  as  with  two.  No  doubt,  in  many 
of  the  ordinary  cases,  one  iicmisphcrc  of  the  brain  may,  like  one  eye,  seem 
to  act  well  enough,  but  a  more  critical  examination  proves  that  in  otlicr 
casea  this  is  tar  from  being  true.  That  the  two  hemispheres  act  sever- 
ally and  separately  is  clear  irom  what  sometimes  ensues  in  diseased  con- 
ditions of  ono  of  them,  or  when,  perhaps,  there  is  a  want  of  symmetry 
liptween  them,  those  remarkable  forms  of  mental  derangement,  some- 
times known  under  the  designation  of  double  life  or  duality  of  mind, 
thrn  ensuing. 

In  man,  the  weight  of  the  brain  averages  alxiut  fifty  ounces;  in  fe- 
males, about  forty-tive;  the  maximum  being  about  sixty-four,  Weiphtofihe 
and  the  minimum  about  twenty ;  in  the  case  of  idiots,  the  '^*^- 
mean  specific  gravity  of  the  gray  matter  is  stated  by  Dr.  Sankcy  to  be, 
in  Iwth  sexes,  1.034,  but  somewhat  less  early  and  late  in  life.  The 
Fpecific  gravnty  of  the  white  is  1.041,  and  this  varies  less  vnth  sex  and 
time  of  lite  than  the  former. 

The  functional  activity  of  the  brain  depends  on  the  copious  supply  of 
blood.     It  is  computed  that  one  fifth  of  the  whole  qnaniity  in 
"3fCuIation  is  sent  to  this  organ.     It  is  delivered  through  ihc  two 
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Pu  iv  ot  J"tc""^l  carotid  and  two  verteliral  arteries.  The  impetai  d 
iiltHMi'to  ibo  tUo  carrcnt  U  checked  by  ttio  Rinuoas  eonrse  these  Toaeh 
^"^*  take,  or  by  their  breaking  promptly  into  capillary  branches 

A  freedom  of  auastouioeis  among  them»  as  is  well  displayed  in  tlie  circle 
of  Willis,  ail'ords  abundant  provision  for  accidental  stoppages  or  re- 
fitrainis. 

Although  the  brain  is  inclosed  in  an  unyielding  ctt\*ity,  it  U  sn* ' 
j^^^j^ .       the  prcsatiro  of  the  air,  a  fact  which,  though  it  has  b- 
pnwaraovtlM  uied  by  some  physiologists,  follows  li?om  ordinary  physiol 

°*  principles.     And  since  the  quantity  of  blood  present  at  any 

moment  in  the  organ  varies  with  the  contemporaneous  functional  activ- 
ity, being  greater  03  that  activity  is  greater,  the  ecrebro-spinal  tluid  also 
varies  in  amount.  Through  this  iluid  an  equality  of  prcssnre  is  tben:- 
fore  insured^  no  matter  what  may  bo  tlio  quantity  of  blood  in  the  brain. 

The  ccrebro-Bpinol  fluid,  the  quantity  of  which  has  bt^n  eatiroateil  at 
c«r«tiT&4p)Ml  two  ounces,  is  readily  absorbed  and  as  readily  reproduced, 
fluid.  rpj^  ^^^  ^^*  ^justmcnt  between  it  and  the  blood  roquiriag  & 

certain  period  for  its  completion,  tho  brain  can  not  instantaneously  he 
bronght  to  its  maxinium  action.  Thus,  as  all  jjcrsons  observe,  when  we 
undertake  any  unusual  intellectual  duty,  tlierc  is  a  certain  prepanitoiy 
period  to  be  passed  tlurougli,  as  the  common  expressinn  is,  '^^for  coiupOi- 
ing  the  thoughts.'* 

Pressure  upon  the  brain,  either  applied  moclianically  or  tlirough  occi- 
r.ffect  of  mc-  dental  effusions,  produces  at  once  functional  ijiactiviiy,  prob- 
ciianimi  pre*,  ably  by  intorfcrenco  with  tho  due  circulation  of  the  blood; 
chongva  in  tha  and,  in  like  manner,  any  marked  change  in.  the  chemical  le- 
i>loo«L  lations  of  that  fluid  exerts  on  the  brain  a  corresponding  ef- 

fect. Tims,  when  oxygen  gas  is  breathed,  or,  still  better,  protoxide  of 
nitrc^n,  which  is  more  soluble  in  the  blood,  the  processes  of  intellection 
go  on  in  an  exaggi^rated  way,  and  ideas  in  rapid  succession,  and  iu  unu- 
sual forms  of  combination,  flit  tlu-ough  the  mind ;  but,  as  the  consequenee 
of  this,  since  the  lungs  can  not  remove  with  the  necessary  promptness 
the  carbonic  acid  which  is  arising,  the  narcotic  effects  of  that  body  w 
soon  experienced ;  and  this  is  also  the  case  in  alcoholic  inlosuoation,  in 
the  advanced  stages  of  which  the  accumulation  of  carbonic  acid  in  the 
blooil  gives  rise  to  the  simic  result. 

That  different  regions  of  the  brain  have  independent  though  matnallj 
nn^ctoftUs  commissured  faculties,  is  fully  established  by  the  phenomena 
SoulAh*™'  ***  '''*^  ner^'cs  of  sense,  nor  can  there  be  any  doubt  that  these 
iir*iii.  diflcrcnccs  of  physiological  function  arc  directly  dependent  on 

differences  of  anatomical  structure.  It  is,  indeed,  to  structural  differences 
that  we  should  impnte  tlie  greater  or  less  ethniency  of  llie  whole  organ, 
as  much  as  to  differences  of  its  weight     Because  of  a  higher  claboralio 
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the  brain  of  one  person  may  Lc  more  energetic  than  tliat  of  another,  even 
.ugh  its  weight  may  be  less.  It  is  not  to  be  denied,  however,  that  there 
i  connection  between  mental  power  and  the  quantity  of  cerebral  matter, 
when  individuals  of  the  same  kind  arc  compared,  or  that  in  the  animal 
scries  the  psychical  powers  decline  as  the  cerebrum  diminishes  in  alze. 

few  topics  are  more  worthy  of  the  attention  of  the  physiologist  than 
tli&t  of  the  variable  psychical  power»  of  man,  and  yet  few  liave  .^^    j^. . 
been  more  overlooked.     By  variable  psychical  poivera  I  mean  psychiaJ 
those  periodicities  of  increase  and  diminution  in  our  intellect-  P^'**"- 
xul  efficiency,  whicli  may  be  noticed  not  only  in  diseased,  but  aUo  in 
beaithy  states.     On  the  principles  wc  have  presented,  these  find  their 
explanation  in  the  temporary  physical  states  of  the  organ,  such  as  its 
condition  of  repair,  its  existing  facility  for  oxidation,  and  the  constitution 
of  the  blood  as  respects  a  proper  artcrializntion- 

The  most  striking  structural  characteristic  of  the  nervous  system  is  its 
symmetrical  doubleness,  the  cranial  and  spinal  nerves  com-  SjrametricAt 
ing  forth  by  pairs  to  their  distribution  on  the  right  and  left  'll^^lZ'^.^' 
sides  of  the  body.     The  manner  of  development  from  tbe  i«p>. 
spinal  axis  laterally  impUes  such  a  construction,  and,  indeed,  gives  ori- 
gin to  two  halves  so  equal  and  alike  that  it  has  ot^n  been  said  eadt 
person  consists  of  two  separate  individuals.     Examining  those  organs 
which,  by  reason  of  the  elaborateness  of  their  mechanism  and  principles 
of  action,  enable  us  to  determmc  with  satisfactory  precision  p,jn^j[on  ^r 
the  function  discharged  by  each  one  of  the  members  of  the  ucb  lateni 
pair,  as  in  tlie  case  of  tlie  eye  or  the  ear,  we  may  come  to  tlie  '"^*"- 
following  conclusions :  Each  is  a  distinct  organ  in  itself,  capable  of  its 
meeting  the  requirements  of  tlie  economy  in  a  sufficiently  satisfactory 
manner,  and  therefore  forms  a  distinct  whole;  but  the  pair  can  likewise 
act  simultaneously,  re-enforcing,  to  a  certain  degree,  each  oth-  ,.    .  .   , 
er*fl  power,  though  in  this  double  action  there  by  no  means  iiuabio  otsaim 
arises  a  double  intensity  of  cifect.     The  closure  of  one  car  ^^^  J^iJj! 
to  a  sound  does  not  diminish  the  loudness  by  one  haJt^  nor  cnyuoUieir 
docs  the  shutting  of  one  eye  reduce  to  one  half  the  bright-  P"*^*"*- 
ness  of  a  light ;  but,  though  there  is  not  such  a  doubhng  of  cffeet  when 
both  eyes  or  both  ears  arc  employed,  there  is  a  degree  of  precision  in  the 
resulting  indication  which  is  not  to  be  gained  by  the  use  of  one  of  ihcso 
o^ans  alone.     In  such  a  double  organ,  then,  the  result  is  not  so  much 
a  heightening  of  the  final  impression  as  the  giving  to  it  of  a  greater  de- 
gree of  precision. 

Uorcover,  each  organ  seems  to  exext  a  compensating  influence  over  its 
fellow  in  any  deficiencies  or  imperfections  it  may  p^ssefS.  Comt^-n^aUoa 
Thus  it  is  rare  that  both  eyes  are  of  an  equal  optical  g.cd-  *''"''"f*^*^ 
I,  as  most  individoals  will  find  on  making  a  personal  examination; 
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but  in  vision  with  both  eyes  the  faults  of  the  more  imperfect  one  aw 
merged  in  the  indications  of  tlic  better,  and  tlie  same  might  be  remark- 
ed of  the  ear;  from  which  it  would  appear  llmt  this  doablcness  of  or- 
gans is  rather  for  tlio  purpose  of  introducing  a  principle  of  compcnaation 
tiian  one  of  conspiring  action,  the  object  intended  to  be  gained  being  a 
jufltnejs  of  perception  rather  than  an  increase  of  effect. 

These  observations  apply  to  double  organs  in  their  normal  states,  or, 
EOkctoricm-  if  not  their  normal,  their  Iiabitual  ones;  but  if  to  tJie  erev 
iiorftn-  diuurh.  f^^  example,  a  temporary  disturbance  is  given,  as  by  prea^ 
g»n.  ure  which  renders  its  optical  axis  oblique,  the  fdlow  OKpo 

being  permitted  to  rt'tnin  its  usual  position,  double  sight  is  the  rosah, 
It  is  true  that,  in  the  habitual  divergence  of  strabismus.  8uch  is  not  the 
cifcct,  one  of  the  images  disappearing,  or  perhaps  the  mind,  acconmK>dAt* 
ing  itself  to  the  luibitual  condition,  combines  the  two  into  one.  ThesB 
circumstances  indicate  that  each  member  of  a  double  organ  can.  uodor 
conditions  of  difiturbaucc,  exercise  an  independent  and  even  opposing  ac- 
tion to  its  fellow. 

It  has  by  some  been  supposed  that  the  mind  pays  attention  to  tlie  im- 
Thelotlicstionji  prcssioDs  of  only  one  of  the  pair  of  organs  at  a  time ;  thvs, 
^Mi^RmUt")  *^'"*  ^^  ^^^  ^^^^  imagei)  furnished  by  only  one  eye,  though  ire 
Bi  ft  time.  can  with  very  great  quickness  direct  attention  to  thow  fur- 

nis)ic<l  by  the  other,  and  therefore,  deceived  by  the  rapidity  v»itli  which 
tliia  altcnmtion  of  attcnlion  can  be  accomplished,  our  belief  in  the  syn- 
chronous use  of  both  organs  is  an  error,  if  two  differently  colored  ob- 
jects, sueli  as  differently  tinted  wafers,  be  so  placed  as  to  l)c  fteparately 
and  yet  simultaneously  viewed  by  both  eyes,  the  mind  vainly  attempts 
to  combine  the  two  images  together.  Wc  do  not  see  the  resulting  form 
of  a  green  tint,  but  wc  see,  according  as  our  attention  is  gii'cn  to  the 
right  or  left,  a  blue  or  a  yellow,  if  these  have  been  the  colors  of  the  wa- 
fers, and  these  colors  can  quickly  mei^  into  one  another,  like  dissolving 
Illtuirative  vicws.  There  is  a  simple  experiment  which  serves  to  support 
«xp«rlmcui.  tiiia  view,  and  which  any  one  may  readily  make.  If  the  open 
liand  be  placed  along  the  nose,  so  as  to  divide  the  right  eye  from  the  left, 
and  wo  look  upon  the  snrfaee  of  a  uniformly-ill uminaled  sheet  of  paper 
covered  with  writing,  it  will  be  found  tliat  we  can  only  read  with  one 
eye  at  a  time,  but  that  the  mind  can  with  groat  rapidity  determine  which 
eye  it  will  use.  In  tliis  little  experiment,  we  have,  moreover,  the  means 
of  estimating  the  relative  sensitiveness  of  the  two  eyes,  andother  of  their 
optical  peculiarities  ;  thus  it  will  be  commonly  remarked  that,  though  the 
pajwr  be,  as  we  have  said,  uniformly  illuminated,  that  part  of  it  which  is 
regarded  by  one  eye  is  brighfer  than  that  seen  by  the  otlier,  this  being 
duo  to  a  difference  in  their  sensibility.  It  will  also  frequently  occur 
that  the  two  portions  of  the  poge  will  present  different  shades  of  tint, 
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1  ore,  petlmps,  Iwing  a  faint  greenish  gray*  vriiile  tlic  other  ia  of  a  yd- 
hitc,  the  proper  color  given  to  it  by  the  candle  or  kmp  by  wliicb 
iia  &COU. 

9  In  this  feature  of  double  construction  the  brain  itself  participates,  pro- 
■bttng  a  ri;^ht  and  left  lialf  approaching  one  another  in  form,  ivitliout 
toing  absolutely  identical.  Much,  therefore,  of  what  has  been  said  rc- 
pecting  the  mutual  relations  of  the  right  and  left  eye,  and  the  riglit  and 
pft  car,  niu«t  apply  to  tlic  right  and  left  hemispheres  of  the  brain;  and 
f-is  under  this  point  of  view  that  I>r.  Wigan  has  regarded  it  in  j^^^^  . 
.  work  on  the  Duality  of  the  Mind.  Nor  can  there  be  any  Bciionofvacb 
ibt  that  each  hemisphere  is  a  distinct  organ,  having  the  "^^  ^  "*' 
?cr  of  carrying  on  its  functions  independently  of  its  fellow;  that,  though 
can  tlius  act  separately,  both  can  act  simultaneously ;  and,  jadg- 
;  from  the  cases  that  have  just  been  presented,  it  would  seem  that  we 
ijUBtiticd  in  inferring  that  the  common  action  of  the  two  hemispheres 
1^  not  for  the  purpose  of  a  heightening  of  effect,  but  ordy  for  greater  pre- 
pion,  and  that  in  the  same  manner  as  it  is  a  rare  tiling  to  find  two  eyes 
k  two  ears  of  equal  goodnesfi,  so  aUo  it  is  unusual  to  have  two  Iiemi- 
bherea  which  arc  precisely  alike.  The  defects  of  the  one  may  i„i„iK.r.iini- 
i  compensated  by  the  superiorities  of  the  other,  and  thus  Ti^jn  or  ooa 
[incan  result  be  attained;  and  as  one  eye  or  one  car  can,  """^i"* 
llder  the  proj>er  cireumstanccs,  overpower  its  fellow,  so  likewise  can  one 
usphcre  of  the  brain,  except  in  certain  cases,  which  Iiave  been  some- 
at  imaginatively  described  as  insubordination  of  one  of  the  hemi- 
hcrea,  when  insanity  is  the  result,  the  healthy  half  being  unable  to 
Btrol  the  diseased  one ;  and  for  this  reason,  wo  often  obacne  of  the 
!  that  they  have  synclironously,  or,  at  all  events,  in  a  very  rapid  al- 
fttion,  two  distinct  trains  of  tliought,  and,  consequently,  Doublfiirainof 
ro  distinct  utterances,  each  of  which  may,  so  to  speak,  be  »'»""«'"• 
fectly  continuous  and  even  sane  by  itself,  but  tlic  incongniities  that 
;  from  the  mingling  of  the  two  betray  the  condition  of  such  persons. 
k  ihii!  cnsc  doubleness  of  action  ia  seen  in  its  most  exaggerated  aspect, 
nt  in  a  less  degree,  it  maj'  lie  remarked,  in  the  thinking  operations  of 
boBC  whose  minds  arc  perfectly  sound.  Thus  there  is  no  student  but 
Bt  have  observed,  when  busily  engaged  in  reading,  tliat  his  mind  will 
nder  off  to  otlior  things,  though  he  may  mechanically  cast  his  eyes 
page  after  page;  and  the  same  may  occur  in  listening  to  a  lecture 
sermon.  But,  tliough  the  insane  man  may  indulge  in  two  synchro- 
^>U8  trains  of  thought,  he  never  indulges  in  three,  for  the  simple  reason 
^t  lie  has  not  three  hemispheres  to  do  it  with,  tlie  same  remark  apply- 
}fg  to  the  sane  man  in  the  accidental  wanderings  of  hia  thoughts. 
The  overcoming  of  this  insubordination  of  one  of  the  hemispheres  may, 
a  very  considerable  degree,  be  accomplished  by  cd\xea.uciw,  q^  -^ViasS^ 


Eflfcct  of  edu-  one  of  the  chief  results  ia  that  it  cxcrcisps  us  in  the  habit  of 
"^"'-  thinking  of  one  thing  at  a  time,  of  thinking  therefore  wiUi* 

out  confusion,  and  of  arriving  at  conclusions  with  precision  and  decisua. 
And  tlicsc  considerations  should  aUo,  in  Dr.\Vigan's  Wew,  he  our  cluef 
guido  in  the  cure  of  insanity,  doing  all  in  our  power  to  invigorate  the  tc- 
tion  of  the  healthy  hemisphere,  and  enable  it  to  subdue  tiie  inanbordiiia- 
tion  of  the  diseased  one.  If  both  hcniisphcrcs  are  diseased,  the  case  is 
almo!;t  hopeless. 

Of  the  independent  and  yet  complete  action  of  cadi  of  the  cerebral  hem- 
Pfrffct  «cU  isplieiea  wo  have  abundant  and  interesting  proof.  31eiital 
gf  a  sin^e  Operations  can  be  earned  on  in  a  profoundly  diseased  state  of 
httmbphtf*.  Qjjg  ^£  these  organs,  as  multitudes  of  well-authenticated  cases 
attest — ^nay,  even  when  the  lesion  has  gone  so  far  as  to  amount  to  *h 
absolute  and  entire  disorganization  of  one  of  tlie  hemispheres.  Simitir 
evidence  is  also  fumitthcd  hy  those  interesting  cases  in  which,  by  accidcali 
03  by  gunshot  wound,  destruction  of  one  side  has  occoired. 

Even  in  a  state  of  health  we  have  numerous  examples  of  this  inde- 
iRiennixM  »c-  P^"*^^"*  action  of  cacli  hemisphere.  Wliile  engaged  in  ordi- 
don  or  the  two  nary  pur^uita  which  imply  a  continued  mental  occupation, 
emisp  cre».  ^^  ^^^  occasionally  troubled  with  suggestions  of  a  different 
kind.  A  strain  of  music,  or  even  a  few  notes,  may  !«  jierpctnally  ob- 
truding, and  such  an  occurrence  we  could  scarcely  explain  save  upon  tlie 
principle  of  the  8ei>arato  action  of  tlieso  organs,  the  one  interfering  witii 
the  other.  That  precision  whicli  wo  Iiavo  remarked  as  artsing^  from  the 
conjoint  use  of  two  eyes  and  two  ears  ia  doubtless  also  attained  whoe 
the  two  hennsplioTes  are  acting  in  unison.  AVo  can,  moreover,  ^tduntftr 
rily  permit  one  to  rest  while  tlie  other  continues  its  duty,  as  we  can  vol- 
untarily make  use  of  one  eye,  disregarding  tlxe  indications  of  the  other; 
but  where  it  is  necessary  to  execute  a  critical  comparison  or  arrive  at  an 
accurate  judgment  of  things,  both  hemispheres  are  brought  into  action, 
^^^  as  are  both  eyes  when  wc  intently  consider  an  object. 
^^B  Among  other  phenomena,  Dr.  Wigan  calls  attention  to  the  operation 

^^"       Cftsite-     of  castle-building,  as  it  is  designated,  as  illustrating  the  volunta- 

■  biiUdiiig.  j.y  nianner  in  which  we  permit  one  hemisphere  to  act,  presenting 

■  fanciful  dclusiona;  the  other,  as  it  were,  watcliing  with  satisfaction  the 

■  operation,  and  in  this  respect  lending  itself  to  it.     Not  that  for  a  moment 
I  wc  suppose  there  is  any  truth  in  the  ideas  suggested,  and  in  thia  the 

■  pltcnomcnon  difiers  essentially  from  tliat  of  dreaming,  in  which  it  never 
I  occurs  to  us  that  the  scenes  and  actions  are  unsul>stantinl, 

I  distill  moro  strikingly  do  those  singular  cases,  which  horn  time  to  tine 

I  Double  or  tl-  P^"*^®*^"**  thcmsclvca  to  tho  physician,  of  double  or  altenute 

H  (crnaiocDD-    consciousncss,  illustrate  this  isolated  function  of  tho  hemi- 

I  ecwuitKiM.     g^jjgfea^     In  gQine  gf  ihftse,  which  have  heen  carefully  ob- 
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aenrod  anJ  authentically  recordodi  each  of  theee  portions  of  the  brain  has 
continued  its  action  for  a  period  of  days,  or  even  weeks,  and  then,  rclapft- 
ing  into  a  quiescent  state,  lias  been  succeeded  by  tJie  otlier,  thus  present- 
ing in  Eome  degree  an  analogy  of  wliat  is  obscrred  in  ordinary  cases  of 
insanity*  so  far  as  the  reciprocatiiig  action  of  the  two  oi^ns  is  concerned, 
bat  difi*ering  in  the  period  uf  durution  of  their  function ;  and  thus,  if  one 
of  them  should  have  undergone  deterioration,  or  have  satFercd  lesion,  so 
that  it  has  been  reduced  to  what  might  be  termed  sn  infantile  state,  the 
impressionB  formerly  stored  up  in  it  having  been  for  the  most  part  lost, 
or  tJiere  being  an  incapacity  in  it  to  make  use  of  tbcui,  the  patient  will 
alternately  exhibit  what  has  been  aptly  termed  child  life  and  mature  life. 
For  a  few  days,  or  jwrhapa  weeks,  lie  will  conduct  himself  in  the  ordi- 
nary manner  of  an  adult,  reading,  reasoning,  and  actuig,  and  then,  for  a 
similar  period,  will  pass  into  a  condition  in  which  he  docs  not  even  know 
hid  letters,  and  reasons  and  acts  like  a  child.  These  phcnomrna  of  at- 
lemato  and  double  intellection  are  intcreating  in  the  highe-st  degree,  and 
aeem  to  be  explicable  on  no  other  principle  than  that  which  this  author 
snggests. 

But  I  do  not  think  that  the  explanation  which  he  oUcrs  of  the  scnti- 
tnent  of  prcH^xistcnce  is  correct.  By  this  term  i.^  under-  Sfndmrnt  of 
stood  that  strange  impression,  which  all  persons  have  occa-  it'xa^i"''*- 
Bionally  obBcr\-cd  in  the  cxiursc  of  their  lives,  that  some  incident  or  scene 
at  the  moment  occurring  to  them,  it  m.iy  bo  of  quite  a  trivial  nature, 
has  been  witncs^d  by  them  once  before,  and  is  in  an  instant  recognized. 
Thougli  this  opinion  that  we  have  seen  a  present  incident  once  before 
aomctimcs  occurs  in  coses  where  the  circumstances  are  of  profound  in- 
terest to  us,  tlie  experience  of  most  persons  assures  us  that  it  is  more  fre- 
quently in  trivial  events.  Dr.  Wigan's  view  is,  that  it  arises  from  the 
almost  contemporaneous  action  of  the  two  hemispheres,  and  that,  under 
the  circumstances,  we  have  a  confusion  of  memory,  and  are  led  to  be- 
lieve that  there  has  been  an  interval  of  indefinite  duration,  when,  in 
point  of  fact,  it  was  iu\  impression  in  each  hemisphere  closely  coincident 
in  point  of  tlmt*.  Tills  explanation  turns  on  the  assumption  that  this 
sentiment  of  pre-existcncc  occurs  hut  once.  He  denies  tliat  we  ever 
snppoee  that  we  have  seen  the  thing  twice  before.  Hat  I  believe  that 
the  experience  of  many  individuals  assures  them  that  this  is  not  the  case, 
and  that  they  are  under  a  fum  persuasion  that  they  have  witnessed  the 
■Mne  incidents  more  than  once  before,  nay,  perhaps  even  many  times. 
The  instance  which  this  autlior  furnishes  as  occurring  to  himself,  in 
whicli,  on  tlie  occasion  of  attending  the  funeral  of  an  exalted  personage, 
and  at  the  time  of  the  coffin  being  deposited  in  the  vault,  with  the  strik- 
ing •solemnities  of  the  occasion  there  rushed  upon  his  mind  the  idea  that 
he  had  been  present  at  this  same  scene  once  before,  a  tlvlu^  nn\v\c\x  \{%s^ 
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of  conrsc,  nn  imposslbilitr,  is  very  instructive.  But  the  difficulty  in  tbe 
way  of  his  hypothesis  lies  in  the  fact  that  it  offers  us  no  exphuutlioDof 
those  cases  in  which  we  are  perfectly  persuaded  that  we  have  witnessed 
tlie  thing  more  thim  once  bclbrc,  though  it  may  answer  in  the  particaUi 
1m*  of  I  tniB  histance  hero  cited.  Perhaps  wo  may  appropriately  recall  ik 
perc«t)tioR  of  wcll-known  fact  offered  to  ua  in  dreaming,  and  to  which  at- 
tention hereafter  will  be  more  particularly  directed,  that  tben 
ore  circumstances  under  which  our  mental  oiKsrations  are  carried  fonrtil 
with  tlic  most  maneloujt  speed.  Thus  a  sudden  sound,  which  awakes 
na,  or  even  a  flash  of  lightning,  which  is  over  in  a  moment,  may  be  i&- 
corporated  or  expanded  into  a  long  dream,  diversified  with  a  varicms 
multitude  of  incidents,  all  appearing  to  follow  one  another  in  an  appro- 
priate order,  and  occupying,  aa  wo  judge,  quite  a  long  time,  yet  all  nefr 
cssnrily  arising  in  an  instantaneous  manner,  for  we  awake  at  the  moment 
of  the  disturbance.  Of  the  same  kind  is  that  remarkable  deception, 
wliich  is  authentically  related  by  those  who  have  recovered  from  deali 
by  drowning,  that  in  the  last  moment  of  their  agony  all  the  varuxu 
events  of  their  past  life,  even  those  of  a  trivial  kind,  have  como  mshiiij 
before  them  with  miraculous  clearness.  I^Iental  oiicrations,  therefoRj 
both  as  regards  old  recollections  and  new  suggestions,  may  take  efiect 
with  wonderful  rapidity,  and  if  the  sentiment  of  pre-cxisteiice  is  to  be 
explained  on  the  principle  of  the  double  action  of  the  brain,  it  must  lik^ 
wiao  bo  dependent  upon  the  fact  here  presented. 
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CILVPTER  XVn. 

OF  Tire  CRANIAL  SERVES  AXD  THE  GREAT  SYJIPATHETIC. 

EmtrntTiition  of  (he  Crattial  Xerves. —  The  TTnrd  Pair,  or  Ocitio-molor. —  TKc  Fourth  Pair,  or  Pa- 
tiutid.—  The  Pi/tk  J\rir,or  Trigtmini,— The  Sixth  Pmr.or  Abdnemta.—IlluxtfatloHM  t^ tks 
TKini^  FoartA^  Fi/Ot,  tmd  SUtA  Pain.—  The  Seventh  Pair,  or  FadaL—Uhtlration  ^  the 
Fitaat — The  NlnAPair,or  Ohuo-pharf/nyeal — lUiutraiicn  of  the  Ghuto-pharyn^eaL — TV 
TVjiM  Pair,  or  Pnmmorfitstric.. — lUtutrafion  of  the.  Pnmmogoftrie. — lUtuUrulion  of  Oif.  Aoryo- 
yoaUt. —  The  Elevenlk  Pair,  or  Sptnai  Aocesaory. —  The  Ticeiflh  Pair,  or  JI^pogioM$al. — /t 
btMtratiou  of  the  UgpogtoataL 

The.  f^rrnir  .Vcn-e. 

Qf^  the  itrtat  Syvpalhelie  Synlem. — P»ntion,  Structure,  oarf  Origin  of  the  Spofiat^tir^ — Itn  R^ 
Lttkm  teitk  the  pBemnoytutric. — Its  Omnectiou  itilA  the  Sjrinal  System. — Ju  Pitxiiete. — Jt» 
(J*rrtgHa. — They  are  Rseerroir*  ^'  Fora. — Smntitary  of  the  Fmctioae  of  the  Sympathetic — 
JUuMXrtitian  o/  the  Sympathetic.--' The  Abfjomiaal  Plexiues. —  T7te  Sohr  PtexuM. —  TV  J/uen- 
teric  PkTMsea: 

Tu£RE  are  twelve  pairs  of  cranial  nerves :  1st,  The  olfactory;  2d.  The 
optic;  3tL  The  oculo-inotor ;  4tli.  The  pathetic;  5th.  The  tri-  The  cranial 
facial;  6th.  Tlic  abducent ;  7 ih.  The  facial;  8th.  The  audito-  >»^""- 
ry;  Uth.  The  glosso-pharyngeal ;  lOlh.  The  pneumogastric;  lltli.  The 
spinal  acccsaoiy ;  12th.  The  hypoglossal. 

Of  these,  the  first,  the  second,  and  the  eighth,  being  nerves  of  special 
sensation,  may  be  more  convenienlly  studied  in  connection  with  the  or- 
gans of  special  sense — the  nose,  the  eye,  the  car. 

OP  TSK  THIRD  PAIR,  OR  OCDLO-XOTOS  HEarCB. 

The  motor-oculi  nerve  arises  from  the  inner  side  of  the  erus  cerebri, 
near  to  tlie  pons  -varolii,  some  of  its  fibres  passing  into  the  The  ttird  [i«ir, 
gray  substance  of  tl»c  cms.  Advancing  forward,  it  di\-idc3  oronJiMnoior. 
into  two  brandies,  one  of  which  supplies  the  superior  rectus  and  levator 
]}alpcbne,  the  other  tlie  internal  rectus,  inferior  rectus,  and  inferior  ob- 
lique. Considering  the  place  of  origin,  it  would  be  expected  that  this 
nerve  is  wholly  motor,  and  tliis  is  contirmed  by  experiment.  Wiicn  the 
nerve  is  irritated  the  musclea  which  it  supplies  are  convulsed,  and  when 
it  is  divided  they  arc  paralyzed.  Through  its  connection  with  the  len- 
ticular ganglion,  it  furnishes  motor  filaments  to  the  iris.  The  optic 
nerve,  the  corpora  quadrigcmina,  and  this  nerve  together  constitute  a 
complete  nervous  arc,  and  impressions  made  on  the  retina  occasion  mo- 
tioua  in  the  iris. 
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or  Tin  roDttm  rjiiB,  rATiisTtci,  tut  ntocntxAK  sckxtk*. 
This  ncn-e  arises  from  tlie  valve  of  Vicnaaens,  near  the  testU,  «&i 
Tliv  fourth  pair,  passiiig  oTOund  tlio  CTttfl  ccTcbri,  enters  tlic  orbit,  and  is  di»- 
or  pAthctioi.  tributcd  to  the  orbital  surface  of  the  superior  oblique,  cr 
trocUIcar  muscle,  for  which  it  is  tlie  motor  ner\'e.  When  it  ia  iiritstei 
that  muscle  is  convulsed. 

or  THE  rtrm  PAUt,  tufacul,  oa  nuaEvca. 

Tlie  iiftli  nerve  Ims  a  construction  so  closely  analogous  to  that  of  ttw 
TTie  fifth  pair,  Bpinal  nervcs»  that  it  lias  been  designated  the  spinal  nerve  of 
or  tri^wninL  |j,(j  head.  It  arises  by  two  roots,  the  anterior  of  which  is 
the  smaller,  the  posterior  having  a  large  ganglion,  the  ganglion  of  Gas- 
Bcr ;  with  this  ganglion  the  anterior  root  'is  in  contact,  but  not  in  con- 
nection :  it  passes  forward  to  tlie  inferior  ma-TcilUrj'  nerve.  From  tlic 
ganglion  three  branches  diverge,  the  ophthalmic,  the  superior  maxillary, 
and  inferior  maxillary,  tlic  first  proceeding  from  the  upper  angle  of  tlie 
ganglion,  the  second  from  the  middle,  tho  third  irom  the  inferior  aa^ 
This  last  receives  the  motor  portion  of  the  nerve ;  tlie  first  and  uajai 
branches  are  sensory,  the  third  is  sensory  and  motor  also.  From  tha 
sensory  portions  the  anterior  and  most  of  the  antcro-latcral  portions  of 
the  head  are  funu5hed,  as  also  the  organs  of  special  sense  themselves,  n 
far  as  their  common  sensation  is  concerned.  Tlic  motor  branch  supplid 
the  muscles  of  masticatioru 

or  TOB   flUTO  PAn,  Ott  ABDrCBXTKt. 

This  nerve  arises  by  several  tilamcnts  from  the  upper  part  of  the  cor- 
ThsMiihpilr.  pus  pvTamidalc,  near  to  the  pons  varolii,  and  is  distribalcd 
or  abduceoti!*.  ^^j  ^\^^  external  rectus.  From  its  origin,  distribution,  and 
from  experiments  made  upon  it,  it  is  known  to  be  a  motor  ncn'c 


n 


lU-trsTKATioNi  or  ma  raiai>,  rocBTu,  rirrs,  axd  •ixth  rioaa  or  trEarsj. 

Fig-in.  /'i^.  161:    1,  chiasm  of  optic  nerves;  2, 

third  pair ;  3,  nasal  nerve ;  4,  externa]  octdo- 
motor;  5,  ganglion  of  Gasscr;  6,  nasal  nerve 
and  its  two  limnchea,  internal  and  external; 
7,  nerve  of  obliquus  inferior ;  8,  ophthalmic 
gnngiion ;  9,  ciliary  nervea ;  a,  portion  of  le- 
vator palpobrae  superioris  and  rectus  superi- 
or ;  &,  rectus  intemus ;  r,  rectus  extemus ;  d, 
fibrous  ring  of  tlie  recti  muscles. 

nXTKI   Ol  THB  OKBITAL  CATirT. 


MarrMofihaortitL 


I^iff,  162 :  1, 1,  optic  nerve  and  globe  of  tin 
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eye;  2,third  nen'c;  3,  superior  branch; 
4,  nerve  of  obliqmis  inferior;  5,externtil 
oculo-niotor;  6,  ganglion  of  Gassor ;  7, 
ophthalmic  branch ;  8,  nasal  nen'c ;  9, 
ophthalmic  ganglion;  10,  short  root  of 
opht  Iiahiiic  ganglion ;  1 1,  ciliaiy  iiervcB  i 
12,  6vnt&l  ncn'c;  a,  levator  palpcbnu 
superioris  and  rectus  superior;  6,  rectus 
interior ;  c,  obliquus  inferior ;  </,  rectus 
extemus ;  e^  ring  of  the  recti  muscles. 


DUOBAU  or  TUB  rurn  xatvs. 


J^ff.  163:  1,  ganglion  of  Ga&acr ; 
2,  ophthalmic  ganglion  ;  *l,  its  long 
root  fumislied  by  the  nasal  branch; 
4,  short  root ;  5, 8}'mpathctic  from 
the  plexus  surrounding  the  iiiter- 
nal  carotid ;  6,  ciliary  nenea  txav- 
craing  the  sclerotic ;  7,  ciliary  gan- 
glion ;  8,  ganglion  of  ilcckel ;  9, 
its  sensory  roots  from  the  Huperior 
maxillary;  10,  petrous  branch  of 
vidian  nerve,  or  motor  root  of  tlio 
ganglion  of  Meckel ;  1 1,  its  sym- 
pathetic root;  12,  naso-polatinc 
DUcmnortbetfthDcrra  gnnglion,  receiving  at  its  up|x:r  an- 

gle the  naso-palatine  nerve,  and  at  its  inferior  the  anterior  palatine ;  13, 
Otic  ganglion ;  14,  small  superficixU  petrosal ;  15,  submnxillar)'  ganglion ; 
16,  sublingual  ganglion ;  17,  geniculated  ganglion;  18,  cavernous  ganglion, 

aixQuosi  OP  OAsaEB  ahd  amacefx  pasts. 

Fiff.1^  _fiff,  164:   1,  ganglion  of  Gas- 

Eor;  2,  ophthalmic  nerve;  3,  front- 
al branch  ;  4,  lachr)'nial ;  5,  na^ol ; 
6,  opthalmic  ganglion;  7,  superior 
maxillary  ner\*e ;  8,  orbital  branch ; 
0,  ganglion  of  3IcckeI;  10,  petrosal 
brancli  of  vidian  nerve ;  11,  palatine 
nerves :  1 2,  anastoraosia  of  the  gan- 
glion of  Jlcckel  with  the  ncr^oua 
plexus  surrounding  the  internal  max- 
illary  nrterj^;  13,  posterior  and  su- 
perior dental  nerves;  14,  suborbital  nerve,  its  anastomoses  wit' 


GukUoh  ot  a 
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and  n&sal;  15,  inferior  maxilhirj*,  receiving  the  motor  portion  of  the  fifth 
pair:  10,  superficial  aiiriculo-temporal  nerve;  1 7,  buccal  nerve ;  lH«&«o 
tion  of  otlier  collateral  branches  of  inferior  ma^ullary ;  ID,  inferior  den- 
tal; 20,  mental  nerve;  21,  lingual;  22,  chorda  tympam ;  23,  fwia) 
ner\'c ;  A,  external  carotid  arlcry ;  H,  facial  artery  ;  0,  temporal  arteiy: 
D,  internal  maxillary;  £^  it3  dental  branch;  F,  middle  meningeal;  a, 
membrana  tympani ;  A.  glenoid  cavity ;  f,  orbicularis  oris ;  </,  buccina- 
tor; e^  pterygoideus  internua;^,  pterygoideus  cxlernus ;  ff,  digastric; 
At  stemo-deido-maatoid  muscle. 

TSB  nrtn  xeste,  tuk  oaxclio}!  of  oasscu  beuo  KKatoTKn. 

Pig.  i«^  _  Fig.  165:  1»  oplitbalmic,  cut;  !, 

sujKiTior  maxillnry,  cut  at  both  ei- 
tremitiea ;  3,  ganglion  of  Medcd;  4, 
petrosal  and  carotid  branch  of  lidian 
nerve;  5,  abducent;  G,  nerve  of  Ja- 
cobson ;  7,  superior  and  posterim 
dental  nerves  ;  S,  anterior  and  sxipe* 
rior  dental  none;  9,  otic  ganglion; 
10,  gustatory  nerve ;  II,  chorda  tym- 
jiani  ;  12,  subinaxillary  ganglion; 
13,  anastomosis  of  lingual  with  hy- 
poglossal ;  14,  sublingual  plexus ;  15,  terminal  brandies  of  gustator)*  w 
lingual  nerve  ;  IG,  inferior  dental ;  17,  mylo-hyoid  branch;  18,  mental: 
19,  indsive  nerve ;  20,  ganglion  of  glosso-pharyngeal ;  21,  facial,  in  the 
aqueduct  of  Fallopius  ;  22,  hypoglossal ;  a,  superior  maxillary  bone;  6. 
cartilages  of  the  nose;  c,  iutemid  wall  of  tympanic  cavity;  d^  ptorj- 
goideus  intemus  musdc;  c,  buccinator,  cut;  f^  mylo-hyoid  musdc;  y, 
port  of  anterior  belly  of  digastric ;  A,  stcmo-clcido-mastoid,  turned  aside 


T1>«  flAb  iicrvft 


re. !«. 


lUcartuTiOH  of  tiik  tkhmixxl  nitAxcnzs  or  tin 

IKFLltlOR   MAXHJJkBT   MKttVr..  ' 

F^g,  166;  1,  motor  and  sensory  roo^i 
of  ganglion  of  Gasscr;  2,  junction  of  H^H 
tor  root  with  inferior  maxilhu'y;  3,  auii^^^ 
lo-tcmpornl  nerve;  5,  bucciil  ncrvoj  fi, 
pterygoid  nerves ;  7,  cut  branches  of  tem- 
poral and  masseteric  nerves;  8,  gnstaton" 
nerve;  0,  chorda  tympaui;   10,  Cidol;  11, 
anastomosis  of  gustatory  and  inferior  den- 
tal nerves;  12,  tonsillar  branch ;  13,  sub- 
maxillary ganglion ;   14,  sublingual  plex- 


us; 15,  anastomosis  of  gustatory  and  hypoglossal  nerves ;  10,  bnmdies 
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i  gustatory;  17.  inferior  dental ;  18,  mylo-liyold  nerve;  19,  Incisive 
■ranch  of  dental  nerve ;  20,  bnmcli  of  mental^  cut ;  a,  pterygoidcus  In- 
cmas ;  6,  part  of  pterygoidcus  ejctemus  muscle ;  c,  mylo-hyoid  muscle ; 
U  portion  of  anterior  belly  of  the  digastric;  e,  hypoglossal  muscle ;y, 
bortion  of  dubuiaxiliary  gland. 

OP  Tui:  be\t:ktii  paih,  tiib  facul  xbrtk. 

This  nerve  arises  from  the  up|)cr  part  of  tJie  groove  between  the  oli- 
rary  and  rcstitonu  bodies,  and  near  the  pons  varolii.  With  tiio  womnih 
the  auditory  ner>'e,  or  portio  mollis,  it  constitutes  the  seventh  P*''- "'  f**'*'- 
nerve  in  the  nomenclature  of  Willis,  and  derives  the  name  porllo  dum, 
tinder  which  it  sometimes  passes,  from  the  density  and  closeness  of  its 
textturc  It  supplies  all  tlic  muscles  of  the  face  except  those  of  mastica- 
tion, which  arc  supplied  by  the  fifth  ncrvo,  those  of  the  palate,  the  sta- 
pedius, laxator  tynqwrni,  and  tensor  tympani ;  also  the  muacles  of  the  ex- 
ternal ear,  and  some  of  those  of  the  tongue.  The  facial  is  a  centrifugal 
nerve  If  irritated  near  its  origin,  there  is  no  sensation  of  pain;  but  bu1>- 
Bcqucntly  it  obtains  fibres  from  other  sources,  as  from  the  tiflh  and  tho 
pneumogaBtric.  After  it  has  been  joined  by  tliese,  irritation  is  acutely 
felL  It  is  therefore  to  be  regarded  as  the  general  motor  nerve  of  tlio 
face,  inHuencing  the  function  of  respiration  through  reflex  action,  but  not 
being  connected  with  the  function  of  mastication.  Injury  of  it  produces 
paralysis  oftlu!  parts  to  which  it  is  distributed,  as,  for  example,  the  orbic- 
ularis paljwbrarum,  causing  inflammation  of  the  eye  and  o[Kicity  of  the 
cornea,  through  inability  of  that  organ  to  iree  itself  from  dust  and  spread 
the  lachryroal  secretion  over  its  surface.  In  like  manner,  the  sense  of 
hearing  may  be  injured  through  loss  of  control  over  the  muscular  struc- 
tures of  the  ear,  and  the  acuteness  of  the  sense  of  smell  diraudshed  from 
Fig.iei.  inability  to   introduce  the  air  in  a 

strong  current,  or  the  sense  of  taste, 
if  the  point  of  injury  be  previous  to 
the  giWng  off  of  the  chorda  tympani. 
In  paralysis  of  the  facial  ncn'e  the 
muscles  of  the  face  become  powerless, 
and  the  countenance,  therefore^  dis- 
torted. 

lu-rsnunoN  of  the  vacul  xrarc. 

J^ig.  167:  1,  trunk  of  the  facial 
at  its  emergence  from  the  ariucduct 
of  FaUopius ;  2,  occipito-auricular 
branch;  3,  auricular  of  the  cervical 
plexus ;  4,  twig  of  the  occipital  mua- 


Tbe  (kcUI  Qcnro. 
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cle ;  5,  twig  of  the  posterior  auricular  muscle ;  6,  twig  of  the  Fuptriir 
auricular ;  7,  nnastomosis  of  tlie  facial  with  the  auricular  of  the  cervial 
plexus ;  8,  branch  for  the  stylo-hyoid  and  posterior  bcUy  of  the  digastric; 
0,  tcniporo-faoial  anastomosis  with  tlie  supcrticiiJ  auriculo-tcmponl  U 
the  tiflh  pair ;  10,  tcni^toral  rauiificatioiia  of  the  facial ;  11,  frontal  twigs', 
12,  superior  palpebral  twigs;  13,  middle  palpebral  twigs;  14,  inferior 
or  motor  palpebral  twigs;  15,  suborbital  twigs;  16,  enborbital  picxuj; 
17,  superior  buccal ;  IS,  ccrvico-facial  branch;  19,  buccal  brandies,  ana*- 
tomoamg  with,  20,  buccal  nerve  of  fifth  pair ;  21,  mental  twigs,  forming 
witli,  22,  mental  nerve  of  fifth  i>air,  the  mental  plexus;  2.'t,  ccnlal 
branches;  24,  transverse  cervical  branch  of  cervical  plexus  ;  2o,  parotid 
branches  of  the  superficial  aunculo-tcraporal ;  26,  {>arotid  bmnchcB  of  tk 
facial;  a,  frontal  muscle;  ^,  occipital  muscle;  c,  anterior  auricular;  rf, 
superior  auricular ;  c^  posterior  auricular;  f,  orbicularis  palpebrarum;  y, 
zygomaticus  major;  A,  buccinator ;  »,  orbicularis  oris;  k^mmsBCter;  L 
parotid  gland  ;  m,  platyama ;  n,  stj'lo-hyoid  aud  posterior  bcUy  of  (It- 
gastric  ;  Of  aterno-clcido-niastoid  ;  jf.,  trapezius. 

or  me  ximi  rxitt,  on  oLOMo-rBAjtntcKAL. 

Tliis  ncn'c  arises  by  five  or  ?ix  filaments  from  the  groove  betwwn 
The  ninth  polr  *^  oUvary  and  rc.-*tiform  Irodics.  Its  origin  may  be  tmced 
or  pio*»i>.iiiiii-  to  the  vesicular  substance  in  the  floor  of  the  fourth  ventricle: 
'''°^'*^  passing  forward,  it  is  distributed  to  the  mucouji  membraite 

of  tlic  base  of  the  tongue  and  fauces.  While  in  the  jugular  fossa  it 
forms  two  ganglia,  a  small  one  produced  by  its  posterior  fibres,  and  call- 
ed the  fi«|K;rior  ganglion  ;  a  second,  much  larger,  termed  the  inferior,  or 
ganglion  of  Andersch.  The  branches  given  off  by  the  glosso-pluiryngttl 
arc  tlie  muacxdar,  tlie  tympanic  or  Jncobson's  nerve,  which  is  distributed 
to  the  inner  wall  of  the  tympanum  and  interior  ixtrtions  of  the  car;  ibe 
pharj-ngcal,  which  sujipUes  the  pharynx,  and,  with  branches  of  the  pneu- 
mogastric  and  sympathetic,  forms  the  phar^-ngeal  plexus;  the  lingual 
suppliea  the  mucous  mcmbmno  of  the  sides  and  base  of  the  tongue: 
the  tonslllitic,  which  supplies  the  mucous  membrane  of  the  fauces  and 
Boll  palate,  and  forms  a  plexus  round  the  base  of  the  tonsiL  Besides 
these,  tlie  glosso-pharyngeal  anastomoses  willi  tlic  facial,  pneumogostrict 
accessory,  and  sympathetic. 

Examined  in  tlic  usual  way,  the  glosso-pharyngeal  proves  to  bo  a  oen- 
tripctal  nerve,  having  the  power  of  producing  reflex  motions  through  the 
nerves  of  deglutition,  its  motor  influence  being  chieily  due  to  its  cou^ 
nections  with  the  jnicumogastric  and  accessory.  Though  thus  a  sen- 
sory nerve,  it  is  doubtful  wlicther  it  be  the  only  ner\'e  of  taste,  or  whcthct^ 
tliat  function  is  not  likewise  pnrlicipnted  in  by  the  lingual  branch  of  tbc^' 
fifth  pair.     It  is  certain  that  section  of  the  lingual  does  not  destroy 
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sense  of  tnste,  and  also  timt  tliosc  parts  of  tlie  tongiic  to  which  tlie 
glosso-pliaryngcal  is  distributed  prcsont  that  sense  in  the  most  marked 
manner.  The  inference  wliich  is  usually  drawn  is  that  this  nerve  and  the 
Hngnal  are  both  tactile  and  guatative,  and  this  renders  appropriate  its 
description  in  this  place  rather  than  among  the  ncn'es  of  special  sense. 


F;g.\0^ 


Tb«  sl'»K>-|'^*0'<m<^^ 


pathetic;  ID,  hypoglossal,  cut. 


n4.08TiuTio»  or  Tar,  cLoano-piuRTaoEAi.. 


J^lff.  1G8:  1,  origin  of  the  glosso-|iharnigpal 
between^  2,  tlie  pneumogastric,  and,  3,  tlie  facial ; 
4,  ganglion  of  Andcrsch;  5, pharjTigcal  branches; 
6,  anastomosis  of  tlic  glosso-pharyngcal  with  the 
lingual  branch  of  tlie  facial ;  7»  application  of  the 
spinal  to  the  superior  ganglion  of  the  pneumo- 
gastric; 8,  branch  of  jugular  fossa;  9,  plexifonn 
ganglion  of  par  vagum  ;  10,  carotid  brancli ;  11, 
superior  larpigcal  ncr\c ;  12,  external  lar}*ngcal; 
13,  inferior  or  recurrent  laryngeal;  1(,  cervical 
branch  of  the  spinal;  15,  bulbar  branch  of  same 
nerve ;  the  union  of  these  forms  a  trunk  which 
divides  into  two  brandies ;  16,  external  branch ; 
17,  internal  branch ;  18,  cervical  portion  of  syra- 


ng-  lo. 


UIAGUAM   or  CLOSSO-PniBTSOElU 

J^ff.lGO:  1, facial;  2,  glosso-pharyngeal;  3, pneumo- 
gastric ;  4,  spinal ;  5,  hypoglossal ;  6,  superior  cerWcal 
ganglion  ;  7,  7,  anterior  branches  of  the  two  first  cervical 
pairs;  S,  plexus  cnvclo|)ing  the  internal  carotid  artery; 
9,  Jacobson's  nerve ;  10,  its  anastomotic  Inranch  with  the 
carotid  plexus  ;  1 1,  small  deep  |ietro5al,  which  passes  into 
the  great  sujierficial  petrosal;  13,  otic  ganglion;  14,  uiuis- 
toniosis  of  gloss o-pluiryngeal  with  lingual  branch  of  the 
facial;  15,  anastomosis  of  gIosso-pharj*ngpal  and  pneumo- 
gastric; Il>,  anastomosis  of  the  pharyngeal  of  the  glogso- 
pliaryngeal  with  that  of  the  pneumogastric  and  of  the 
spinnl ;  17,  auricular  t>vig  of  Arnold ;  18,  application  of 
the  trunk  of  the  spinal  to  the  superior  ganglion  of  the 
pneumogastric  ;  19,  anastomosis  of  intenial  branch  of  the 
spinal  with  the  ganglion  of  the  trunk  of  the  par  viigum  ;  20,  anastomosis 
of  pneumogastric  and  hyjioglossal ;  21,  anastomosis  of  lni>oglos8al  with 
the  loop  formed  by  tirat  and  second  cervical ;  22,  22,  anastomosis  of  the 
two  first  pairs  with  the  cervical  ganglion ;  23,  i>haryngejxl  plexus;  24, 
laryngeal  plexus ;  25,  anastomosis  of  the  external  branch  of  the  spinal 
with  the  anterior  branch  of  tlic  tJiird  ccrvljial  pn\r. 


DlHgnuu  of  ktuffto- 
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or  THE  TEXTR  PAIS,  TIIK   PAB  VAODM,  OR  PJfKCHOGASTKlC   XCRTX, 

The  pncumogastric  nerve  arises  hy  six  or  eight  tilamcnts  from  tU 
groove  between  t)»e  olivary  and  rcstilorm  bodies  below  the  glosao-phip 
ryngcalt  and,  like  it,  may  l>c  traced  to  the  vesicular  material  of  the  fiotf 
Th«tcntii  Air  °*^  ''^*^  fourtli  ventricle.  It  tirst  presents  a  small  gangUoQ. 
or  i>neunH:e»-  and  BOon  after  a  second,  nearly  an  inch  in  IcngUi,  called  the 
plexus  ganplifonnis.  The  nerve  then  descends  the  neck  in 
the  sheath  of  the  carotid  vcsscU,  and  in  its  course  dUTcrs  on  the  nglit 
and  left  sides  respectively.  On  the  right  side  it  passes  between  the  sob- 
cla^nAn  artery  and  vein,  descending  toward  tlic  stomach  and  solar  plexus 
on  tlio  posterior  portion  of  the  oesophagus ;  on  the  led  it  enters  the  cbesi 
nearly  parallel  with  the  left  subclavian,  and  jiasscs  to  the  stomach  uvi 
solar  plexus  along  the  anterior  portion  of  the  irsoiiliagus. 

The  cliief  brandies  of  the  pneuniogastrie  arctlie  auricolar,  thcphaiyn* 
gcal,  the  superior  laryngeal,  the  cardiac,  the  inferior  laryngeal  or  recor- 
rent,  the  anterior  pulmonary,  the  posterior  pulmonary,  the  cesophsged, 
and  the  gastric. 

The  pneumognstric  presents  several  plexuses  in  its  coarse;,  and,  e^TO 
wlien  distributed  on  the  stomach,  cxluhlLs  Hat,  mcmbraniform  ganglii. 
It  supplies  three  great  classes  of  organs :  1st.  The  digestive,  as  the  pba- 
vyns,  oesophagus,  stomach,  liver;  2d.  Kespiratory,  as  the  larynx,  tracho, 
lungs ;  3d.  Circulatory,  as  the  heart  and  great  vessels.  It  associates  i1- 
self  intimately  with  the  sympathetic,  and  aids  it  in  forming  se\'eral  gretl 
plexuses. 

At  its  root  the  pneumognstric  la  sensory,  but  in  its  trunk  it  posaesses 
n  double  function,  arising  from  its  intermingling  with  other  nerves,  as  the 
spinal  accessory  and  sympatlietic-  Though  the  trunk,  if  irritated,  gives 
rise  to  pain,  we  arc  not,  under  ordinary  circumstances,  conscious  of  iaili* 
cations,  as,  for  example,  in  the  act  of  breathing,  in  which  wc  do  not  pei- 
ceivc  the  necessity  of  respiration,  except  the  access  of  the  air  be  too  long 
delayed.  The  pharyngeal  branch  is  the  chief  motor  nerve  of  the  pharynx 
and  palate.  The  superior  lar^ngc^l  is  the  sensory  nerve  of  the  laryns. 
the  inferior  laryngeal  being  the  motor.  Considered  along  witli  tl»c  f^n- 
nal  accessory,  the  pncumogastric  presents  an  analogy  to  a  spinal  nerve; 
tlu'  accessory  constituting  the  anterior  or  motor  root,  and  the  pnctuno- 
gnstric,  with  its  ganglion,  the  sensory  root. 

The  pneumogastric  nerve  was  formerly  regarded  as  taking  an  influen- 
tial pai't  in  the  action  of  the  stomach  during  digestion.  The  precise  na-— 
tnre  of  its  agency  in  this  resjxjct  has  been  already  alluded  to.  In  addi— * 
tion,  it  may  be  remarked  that  probably  through  tiiis  nerve  is  the 
tion  of  hunger  conveyed  to  the  mind. 


n-j.  i;ol 


J^^.  170 :  1, 1, 1,  the  pncumogastric  nerve ;  2,  anastomosis  of  it  witli 
the  hypoglossal ;  3,  anastomosis  of  plexiform  ganglion  with  internal 
Iranch  of  the  spinal;  4,  ])haryngcal,  passing  in  front  of  the  internal  car- 
otid artery  ;  5,  superior  hiryngeal,  l)ehin(l  the  internal  carotid  artery ;  6, 
external  laryngeal;  7,  laryngeal  plexus,  formed  by  external  ]ar}'ngeal 
and  great  s}Tnpatlictic;  8,  superior  cardiac  ;  S),  middle  cardiac;   10,  10, 

inferior  laryngeal,  or  recurrent, 
forming  a  cnnc  round  tiio  arch 
oftiicaorta;  11,  pulmonary  gan- 
glion ,  12,  its  anastomosis  with 
the  great  sympathetic  ;  13,  |K)S- 
terior  pulmonary  plexus;  14, 
oesophageal  plexus;  Ij,  curves 
formed  around  the  a>su]>liagU9 
by  tJie  right  and  left  jnieumo- 
gastrics ,  I G,  cL'sophagcal  strand 
traversing  the  diaphragm  ;  17, 
plexus  formed  by  the  strand 
upon  the  anterior  lace  of  the  ear- 
diac  end;  18.  branches  for  the 
great  end  of  the  stomach;  19, 
branches  for  the  small  curva- 
ture; 20,  branches  for  tlie  ante- 
rior face  of  the  stomach;  21, 
lu.'[tatic  branches  connniiigling 
with  the  hepatic  plexus  of  tlic 
great  sympathetic,  and  raraify- 
ing  in  tlie  substance  of  the  liver, 
22,  glosso-pliarjTigeal .  S.*?,  its 
lingual  brancli ,  24,  pliaryngeal 
braneli ;  2.'j,  brancli  for  ihc  sly- 
lo-pliarynge^d  muscle;  2(>,  spi- 
nal; 27,  internal  branch,  aiding 
to  form  the  jiharyngeal  ncr\'e  ; 
28,  exteriinl  lirnnch ;  29,  tivig 
of  external  branch  anastomos- 


Tlw  lef.  iinriimoeBttric  atrtt. 


'  ing  with  the  third  eervic<'U;  30,  anastomosis  with  trai>ezian  branth  of 
tlie  fourth  cenical;  31,  cen-ical  portion  of  great  sympathetic;  32,32, 
thoracic  portion  ;  a,  thyroid  body ;  A,  trachea;  /*,  left  lung,  drawn  to  the 
right ;  dj  liver,  raised ;  tf,  oesophagus ;  f,  great  end  of  the  stoinacli* 
drawn  lo  the  left;  ff,  arcli  of  the  aorta;  the  carotid,  and  subclavi.m  nr- 

1 1 cries,  cut. 
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F^ITI. 


MnidMU-)'  (WisthL 


IIXCSTttATlOX    or    rtTLyoXABT  <tA3IOLLi. 

lug,  171 :  1, 1,  pulmonary  ganglia ;  2,  median  lau- 
tonioBcs  of  tliese  ganglia  at  the  posterior  face  oftW 
tracliCA,  and  origin  of  the  bronchi ;  3,  left  kryngfal 
nerve,  aiding  to  form  iho  bronchial  plexus ;  4,  anw- 
tomosea  of  the  two  pncumogastrica  on  the  postcnoi 
faoo  of  the  oesophagus. 


*  ILLCSTKATlUN  OF   IMFLXIUK  l-iBrxa IU.La,  ATCTCRIOft  rUUIOXAlIT,  JISO  CXltDUC  riXXO. 

lig.  172, 1,  1,  pncumogastric ;   -,  2,  superior  lar^-ngeal ;  3.  3.  extci- 
rtff.  ITS.  nal   Uiyngeal  j    4,  superior  cat- 

diac  nerve ;  5,  5,  middle  canliai: 
ncr\c8 ;  G,  inftrior  cardiacs ;  J, 
cardiac  ganglion  and  plexus;  S,!i. 
nerves  from  this  plexus  sunoiuii]- 
ing  t!ic  coronary  plexus ;  9, 9,  «- 
tcrior  pulnionaiy  plexus  ;  10^  10. 
inferior  lai^-ngeal:  tlie  left  em- 
bracing the  arch  of  the  aorta,  the 
right  the  subclavian  arler}',  Iwtlt 
go  to  the  pos^tcrior  face  of  ibc 
lar}'iix ;  11,  tracheal  braiKhcs: 
A,  pulmonary  artery ;  B,  its  Ici't 
branch ;  C,  its  right  branch ;  U 
arvh  of  the  aorta ;  £,  fibrous  cord 
Th«  infariar  uirnpwu.  arising  from  obliteration  of  tlw 

ductus  arteriosus ;  F,  left  subclavian ;  G,  G,  left  immitive  carotid ;  U. 
brachio-cephalic  trunk,  cut  to  show  cardiac  nerves ;  I,  vena  cava  eui*- 
rior;  K,  left  coronary  artery  and  vein;  L,  right  coronary  artery  aod 
vein  ,  rt,  os  hyoides ;  i,  proji*cting  jmrtlou  of  the  larj'nx ;  c,  trachea;  A 
♦h}'ro-hyoid  muscle;  c,  c,  crico-thyroid  ;  f^f^  scalenus  anticus;  s^,J. 
th}Toid  body;  h^  />,  diaphragm;  i,  U  pericardium,  cut  away.  i 

or  Tuii  ELKrrxrn  paib,  or  bh^al  acceuokt  jncara. 

Tlio  spinal  accessory  arises  by  so'cral  filaments  from  tlic  side  of  thfc 
Th  H  r    It)     sp'"3i  cord,  as  low  as  the  fifth  or  sixth  cervical  ncr\c     In 
■■air  or  »(>iii«i  its  Upward  cctu'sc  it  communicates  with  the  posterior  roolf^ 
ncwMor.v.         ^j.  j]^^  j.j.gj  (.(,rvif.,-il.     It  tticn  divides  into  two  branches,  th*> 

smaller  joining  the  pncumogastric,  the  main  tniiik  jiassing  onward,  an^ 
being  GvcntunUy  distributed  to  the  tra}>ez!us  nmsclo,  and  also  furnisMzi^ 
supplies  to  tlie  stcmo-mastoid. 

27jc  spinal  accessory  is  a  motor  nerve,  as  appears  from  the  ttsnal  c^S-^ 
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dencc  of  irritation,  and  aUo  from  its  origin  and  distribution.  Ita  action 
15  not  essential  in  ordinary'  or  involuntary  respiration.  In  volontary  res- 
piration it  is  brougiit  into  play. 

or    Tltl:  TWELFTn    pair,  or   UTfOCLOSSAL   NKRrR. 

This  nerve  arises  in  tlic  groove  Ijetwecu  tlic  p/raraidol  and  olivary 
Itodies,  Ly  8  or  10  filaments,  wliicli  are  collected  into  two  Theiweifih 
bundles.  It  next  passes  forward  and  crosses  inward,  piir-  p»if,  or  livpo- 
snes  a  course  wliicli  is  concave  upward,  and  supplies  the  *"'  "*" ' 
igcnio-liyoglossus  and  muscles  of  tlie  tongue  generally,  giving  off  tlic 
jlfjllawing  brandies  in  its  course:  tlie  descendeus  noni,  the  tliyro-hyoid, 
•nd  filaments  connecting  the  gustativc  nerve.  Il  also  anastomoses  with 
ithc  pneumogaatric,  spinal  accessory,  first  and  second  cen-ical  nerves,  and 
wym  pathetic. 

The  h}-poglossal  is  the  motor  nerve  of  the  tongue,  irritation  of  it  giv- 
ing rise  to  movements  throughout  that  organ,  the  lingual  braucli  of 
the  fifth  being  the  sensory,  Tlie  hyjioglossa!  causes  the  musel'":^  of  tlie 
fteck  to  aid  in  the  movements  necessary  for  articulutc  speech. 

ILLCSTa»Tl'>;ff   OF  THE   IITrOOLOSSAI.  KZaTt. 

.^f^.  173:  1,  medulla  oblongata ;   2,  glosso-pharyngeal ;   3,  pncumo- 
Fis.  IT3.  gastric ;  4,  aui>crior  laryngeal ;  5,  spi- 

nal ;  G,  first  cervical  |>air ;  7,  second 
pair;  8,  third  pair  ;  9,  fourtii  pair; 
10,  lingual;  11,  origin  of  hypoglos- 
snl;  12,  anastomosis  of  h^'pogloasal 
wi(h  first  cervical;  13,  anastomosis 
witli  nenous  loop  of  two  first  cervl- 
cals ;  14,  descending  branch  of  hy- 
I       ^^/^S^^^^^S^^^"  poglossal,  anastomosing  with,  15,  dc- 

^^        '^llf^K^K^^'  scending  brandies  of  cervical  ])lc:tua : 

^B  ^^^^  16,  twig  of  th}TO-hyoid  musde;  17, 

^^  Th^bTpofffc—x^^rr*  Lmnches  of  hyoglossus ;    18,  rccur- 

'rcnt  branch  of  stylo-glossus;  19,  bnuiclies  of  gcnio-hyoid ;  20,  plexiform 
llronchcs  of  hypoglossal ;  21,  anastomotic  branch  with  the  lingual;  22, 
jlraiich  for  submajtillary  ganglion  ;  A,  vertebral  arterj- ;  B,  external  car- 
lotid;  C,  Ungual ;  D,  tem^^iorul ;  K,  internal  maxillary ;  a,  [wrtlon  of  the 
(condyle  of  the  occipital  bone  ;  by  median  section  of  atlas ;  c,  stj'loid  pro- 
;  rf,  Htylo-glossus  ;  c,  atylo-pliar^Tigeus  ;  f^  hyoglossus  ;  y,  genio- 
/*,  ptcrygoideus  extemus ;  i,  ptcrygoidcus  intcmua. 

OF   THE    PlIBCKIC    ICERTE. 

Although  the  plu^nic,  or  internal  resjuratory  nerve  is  not  strictly  in- 


The  pbreoio  cluiled  in  llie  group  now  uii^cr  conai deration,  yet,  coi 
"«"*•  its  iinportntit  tomicction  with  the  motions  of  respiration, it 

proper  to  describe  and  illustrate  it  here. 

Il  arises  from  the  tbinl  and  fourtli  cervical  nerves,  aided  by  a  hnach 
from  tliB  iiAh,  or  from  tlic  brachial  plexus,  and  from  the  sympathetic. 
Id  its  descent  it  communicates  with  the  lower  cerWcal  ganglion,  enlen 
the  thorax  l>ctwecn  the  Bubclavian  vein  and  ar1cri>%  and,  pasi^ing  aloitg 
the  side  of  the  pericardium,  descends  to  the  diapbragn),  the  right  phrenie 
being  pcr])cndicular,  and  the  loft  running  obliqnely  round  the  apex  of  tbfe 
heart  II  is  distributed,  for  the  most  part,  to  both  faces  of  the  diaphtagm, 
sapcrior  and  inferior.     It  is  the  motor  nerve  of  the  diaphragm. 


rt>  iTi. 


iLLcmuTiox  or  TttK  piiasxic  snEBvm. 
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nu  pbniUo  nun't. 


I'lff,  174:  1,1,  root  of  the  phrem! 
nerve,  funiislied  by  the  fuurtii  cervi- 
cal;  2,  2,  roots  ftom  the  hraciiial 
plexus ;  anastomosis  of  this  nerve 
with  branch  of  the  subclavian ;  4, 
anastomosis  with  the  inferior  c»-  ' 
\'ical  ganglion ;  5,  5,  curve  of  the 
li^*pogloasal,  cut,  sending  a  twig  to 
the  phrenic  nerve ;  6,  6,  ]>ericaniiac 
branches  of  the  phrenic  nerve;  7, 
7,  branches  to  the  superior  lace  <^__ 
the  diaphragm;  8,  8,  branches  tfl| 
the  inferior  face  of  the  diaplimgra; 
9,  anastomoses  of  these  branches 
with,  10,  tiie  solar  plexus ;  11, 
transverse  communication  of  the 
plircnic  ncn'cs.  ^j. 


or  niB  OQEAT  evairATUETic  serve. 
Under  the  designations  of  sympathetic,  visceral,  trisplanchnie.  gangli- 
P  "tio  a  **"*'^  intercostal,  or  nr.no  of  organic  life,  passes  a  series  of 
■tncturaortlH  reddish  or  gray  ganglia,  intertx)nnccted  by  nervous  strands, 
•jinpftUMUc.  extending  along  eacli  side  of  the  vertebral  column,  from  the 
head  to  the  coccyx,  communicating  with  all  other  nerves  of  the  body, 
and  distributing  brunches  to  the  internal  viscera,  or  organs  of  invoJunla- 
Tj  function.  These  ganglia  arc  less  numerous  than  the  vertebra*;  the 
chain  on  each  side  communicates  witii  its  colleague  through  plexuses, 
and  the  ganglion  impar  is  the  common  uniting  point  on  the  coccyx  b<l^| 
low.     By  f»omc  it  is  supposed  that  the  ganglion  of  Ribes,  and  by  othei^^ 


that  ih&  pituitary  body  has  the  same  function  in  the  cranium  alMv^ 
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here  Bpoken  of  as  nervous  strands  nrc  perliapa  more  coixcctl/ 
■tion3  of  tb«  gtuiglia  tiieiuaelvcs. 
J  ongin  of  the  sympathetic  lias  been  long  a  subject  of  dispute,  some 
»ng  that  it  is  n  special  system,  of  which  the  ganglia  ore  origin  ofibe 
ny  independent  centres,  rstablisiiing  incidental  commu-  svn»H>iiei»c- 
ms  witli  the  cerebro-spinal ;  others,  that  its  origin  is  in  the  internal 
B,  and  its  termination  in  the  eerebro-spinal  system,  this  opinion  be- 
ipportcd  by  tiie  aUenvd  facts  thnt  the  Bvnipathetic,  in  its  dcvoloi>* 
appears  before  tlic  other  parts  of  the  nervous  system,  and  simulta- 
\y  vitli  the  eplanehnic  organs,  and  that  it  lias  been  found  in  mon' 
without  a  brdin  or  spinal  cord;  others,  again,  sup]wse  that  it  orig- 
from  the  roots  of  tlic  ccrcbro-spinnJ  system,  and  terminates  in  tlio 
)r  organs.  Regarding  it  in  this  light,  some  have  impntcd  its  origin 
the  spinal,  and  tifth  and  sixth  cranial  conjointly;  otlicra  havclim- 
;  to  thfl  two  latter. 

&  pncnmogastric  nerve  aids  it  in  forming  throo  of  its  plexuses,  the 
ngcal,  cardiac,  and  solar.  In  certain  respects  the  pncu-  Ktiiuiopj  of 
rtric  and  sympathetic  Bccra  to  cxiiibit  a  reciprocal  dc-  f/J^BnlJ'srm- 
nent,  in  some  of  the  lower  animals  tlio  former  pre-  i>«Uieiic 
lating  over,  and  supplying  the  place  of  the  latter;  and  this  rcplace- 
it  is  said,  goes  on  in  the  descending  series  until,  in  (lie  ccphalopo- 
noUusks,  the  sympatiietic  has  disappeared,  and  the  pneumogastric 
its  place. 

J^tff.  175  illuBtratcs  the  relation 
of  the  sympathetic  and  spinal  nerves: 
Cj  c  anterior  fissure  of  the  spinal 
cord;  a,  anterior  root  of  a  dorsal 
spinal  nerve ;  jw,  posterior  root,  with 
its  ganglion;  a',  anterior  branch;  j/, 
posterior  branch ;  *f,  syinjiatlu-tic;  tf, 
its  double  junction  with  liic  anterior 
brancli  of  the  spinal  ncn*c  by  a  white 
and  a  gray  filament. 

The  Bympathelic  chain  therefore 
establishes  connections  connection  of 
with  the  ccn=bn.-,i,inal  ri^rj'^-. 
Bystem,  Kaeli  spinal  <«m. 
nerve  is  brought  into  relation  with 
it  through  two  strands,  a  tubular  or 
white,  and  a  gelatinous  or  gray. 
The  tubular  or  white  strand  may  be 
regarded  as  actually  arising  from  the 
spinal  cord,  and  couftvftlw?^  cs?  \ftQ,V«t 
and  sensory  fi\amcT\V&.    \\  w;^«>  >^* 
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way  to  the  ganglion  of  the  sympathetic,  passes  over  and  through  it,  ils 
fibres  conjoining  themselves  ivllh.  gray  ones,  which  they  liave  gathered  in 
the  ganglion.  The  gray  or  gelatinous  root  is  to  be  viewed  as  baring  its 
origin  in  tlie  ganglion  of  the  sympathetic,  and  sending  its  fibres  chiefly 
to  tlie  ganglion  on  the  posterior  root  of  the  spinal  ner%-e,  but  few  of  then 
doubtfully  communicating  witJi  the  anterior  root.  The  tibres  which  aoem 
to  enter  iho  cord  ore  probably  for  the  supply  of  blood-vessels.  Kadi  of 
these  sympathetic  ganglia  is,  therefore,  a  nen'oua  centre,  sending  forth 
strands  in  three  directions:  1st.  To  join  the  spinal  tibrea  in  their  datn- 
butiou ;  2d.  To  tiie  spinal  cord  itself,  or  chiefly  to  the  gangUa  on  the  po«- 
tcrior  roots  of  its  ner\'cs ;  3d.  To  tho  next  sympathetic  ganglion  abo\-e. 
Srmpiiiiietic  In  the  various  plexuses  of  the  sj-nipathctic,  vesicles  aie  found. 
plexuMs.  j[rom  which  gray  fibres  seem  to  originate.  The  branches  which 
supply  the  viscera  constantly  form  plexuses  ;  the  arieries  are  surrounded 
witli  such  a  net-work.  The  splanchnic  ganglia,  with  their  interconnect- 
ing  strand5,  and  supplies  from  the  cercbro-spinal,  give  riso  to  four  great 
plexuses:  tho  pharyngeal,  the  cardiac,  the  solnr.  and  the  hx-pogaatnc 
The  iirst  and  last  of  lliese  arc  in  aymuielrical  jiairs;  the  other  two  an 
single,  and  placed  on  the  median  lino. 

l''rom  its  c*on8truction  the  sympathetic  can  not  be  regarded  as  an  iso* 
Phv>ic«ien«-t«  ^^^^  or  self-acting  system,  since  oil  its  hranclics  contain 
of  Hvmiiitheiic  (ibrcs  derived  from  the  cerebro-spinaL  In  function  it  mtut 
guitf  la.  therefore  Lc  adjuvant  to  tliat  system,  and  it  must  lie  adndt- 

ted  that  the  motor  and  sensory  qualities  of  the  included  spinal  fibres,  ac- 
cording as  they  have  been  derived  from  the  anterior  or  posterior  coluniBS 
of  tho  cord,  ore  continued  in  their  association  with  the  sympathetic. 
Ilence,  iu  so  far  as  being  a  compound  ner\'e,  it  possesses  bolb  those  func- 
tions, and  this  conclusion  is  corroborated  by  such  facts  as  those  of  the 
distribution  of  tho  sympatlictic  both  to  muscular  portions,  as  to  the  heat 
and  also  to  sensitive  ones ;  by  the  circumstance  that  tho  intestinal  ontl 
from  tho  stomach  to  the  cud  of  tho  colon  receives  its  nervous  supply 
from  this  source  alone.  Kxperiments  on  the  sympathetic  ganglia  cstalh 
lish  a  similar  conclusion,  irritation  of  the  cadiac  ganglion,  for  instance. 
giving  rise  to  incre-ascd  peristaltic  motions,  and  pathological  observation 
fumishiiig  like  evidence  as  regards  the  sensory  function.  Compared 
with  otlier  nerve  trunks,  tho  sjTnpathetic  is  much  less  active  in  those  re- 
spects, a  Iiigh  irritation  of  the  parts  supplied  by  it  often  beijig  rcquireii 
to  cause  pain,  and,  in  like  manner,  its  motor  fibres  arc  Httlc  under  tho  in- 
iluence  of  the  will. 

The  sympathetic  transmits  sensations  so  tardily  that  it  has  been  sop- 
poac<d  that  one  office  of  its  ganglia  is  for  tlio  purpose  of  cutting  otT  aacb 
impressions ;  and,  in  like  manner,  wlien  motor  fibres  of  the  cercbro-spi- 
tml  Bj'stem  pass  through  its  ganglia,  their  conducting  power  a]ipears  1t> 
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Ix  imiiaircc].  There  doca  not  seem  to  be  any  decisive  proof  that  any  of 
tlie  fibres  of  the  syniimtliotic,  properly  s|>eaking,  are  molor  or  sensory,  or 
tliat  its  ganglia  product*.  rcHcx  action,  the  agency  ivliich  it  exerts  in  these 
respccta  on  the  muscular  structuTo  of  tlie  heart,  blood-vessels,  digestive 
or  urinary  Cleans,  being  due  lo  the  associated  cerebro-spinal  fibiva. 

In  thi.-4  manner,  by  its  distribution  to  the  arteries,  the  syiupalhetic,  ns 
«  compound  nerve,  exerts  a  power  over  the  passage  of  the  blood  tlirough 
them  by  influencing  their  contractility,  and  thereby  their  diameter.  In 
virtue  of  this,  it  therefore  affects  the  rapidity  of  secretion,  and  also  r^u- 
JAtea  the  rate  of  nutrition.  The  entire  digestive  tract,  with  its  dependen- 
cies arc  thus  brought  under  its  iiillucnco,  the  salivary  glands,  pharynx, 
OBSopltagos,  stomach,  intestine,  nasal,  Lroncliial,  and  pulmonan,'^  sur* 
fiu^ee,  etc. 

The  ^-icw  of  the  function  of  ganglia  presented  on  preceding  pages  is 
strongly  supported  by  the  mechanism  and  phenomena  of  the  itg„„-jj.  .„ 
sympathetic  ncnx.  Its  gangha  permit  tlie  influence  passing  reaurvoin  cf 
along  the  nervous  cords  to  escape  therefrom  into  new  chan-  ^'^' 
ttels,  and  also  retain  and  store  up  nervous  power.  They  become,  there- 
fore, magazines  of  force,  and  are  hence  capable  of  sustaining  rhythmic 
movements.  Kvcn  after  organs  have  been  cxBCctcd,  they  will  still  exhib- 
it, under  the  inllacncc  of  the»e  ganglia,  tlicir  accustomed  motion,  as  is  the 
case  witli  the  Iicart,  which,  in  some  of  tl:c  cold-blooded  animals,  will  con- 
tinue its  contractions  for  majiy  hours  alUr  it  has  been  cut  out  of  the  body. 

I  tliereforo  rt'gard  the  s^-ropathctic  system  as  having  for  one  of  itb 
main  functions  the  cquali^auon  or  balancing  of  the  nervous  Conclusion 
force,  storing  up  all  transient  excesses  of  it,  and  furnishing  {".^'"^^Ik 
ail  transient  dclicJencies.     As  in  a  mechanical  contrivance,  lyiiipatbetic. 
in  which  the  prime  mover  works  in  an  irregular  way,  the  fly-whccl  har- 
monizes all  such  variations,  storing  up  or  supplying  power  as  the  cir- 
cnmstances  may  require,  so  dues  this  complicated  apparatus  act  in  the 
mocbanism  of  innervation.     And  it  is  wortliy  of  remark,  that  some  such 
MTangement  would  seem  to  be  necessary,  since  the  organs  of  digestion,  to 
whicli  the  sympathetic  is  so  largely  directed,  are  periodically  in  activity 
and  pcriodicjiIJy  quiescent. 

It  is  to  be  greatly  regretted  that  the  term  sympathetic  lias  been  sp- 
plied  lo  this  important  nerve,  since  that  tenn,  as  defining  function,  has 
led  to  the  promulgation  of  theoretical  views  which  liavc  exerted  an  influ- 
ence lo  the  disadvantage  of  the  progress  of  physiology — views  which  will 
not  bear  the  test  of  anatomical  criticism,  and  which  are  therefore  incor- 
rect. It  is  always  much  better  to  give  designations  in  allusion  to  struo- 
tore  or  position  than  to  function,  especially  where  the  function  is  doubt- 
ful. For  this  reason,  the  title  of  intercostal  is  much  preferable  lo  that 
re  of  organic  life,  and  trisplan clinic  better  than  syTO^tVw,v.v:. — (aai 
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imposing  hnt  mj-stcrions  rpithet,  wliirh  hoH  \iccn  a  sonrrr  of  injury  to 
the  science,  and  which  it  would  Ire  well  even  now  to  replace  by  sudu 
tcnn  B»  vincular  or  moniliform  ncnc,  or  same  title  of  eqnivalcnt  import. 


XLLrmuntKi  or  tub  great  tmrATurnc. 
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J^iff.  176:    1,  globe   o(  the  eye, 
dissected  so  as  to  show  the  ciliary 
nen-es ;  2,  branch  of  the  inferior  ob- 
lique and  tlic  motor  root  of  the  opb- 
thnlroic  ganglion;  3,3,3,  the  tlvM 
branches  of  the  trifacial,  in  connec- 
tion with  most  of  the  cranial  gaa- 
gUa,  that  is,  with,  4,  ophthalmic  giih 
glion,  5,  sphcno-palatinc,  6,  otic,  7, 
submaxillaiy,  and,  8,  sublingual: 
9,  external  motor  ocuU;  10,  facial 
and  its  nnnstomoses  with  the  splw- 
no-palatine,  and  otic  ganglia;  11, 
glosHO  -  pliaryngGol ;    1 2,  12,  ri^t 
pneumogastric  ;    13,  loft   pncum»> 
gastric;  14,s|iinal;  15,  hj-]K)gIos- 
sal;   13,  16,  cer\'ical  plexus;   17, 
brachial  plexus :   IH,  18,  intercnstal 
nerves;    IS),   1!J,   lumbar  plexus; 
20,  sacral  plexus;  21.  snpcrior  cer- 
vical ganglion,  furnishing  two  caro- 
tid branclu's,  forming  the  carotid 
plcxns  around  the  artery  of  that 
name,  and  tVom   which    arise  the 
anastomoses  with,  22,  iicrvo  of  J*- 
cobson,  23,  carotid  branch  of  vid- 
ian ncne,  24,  external  motor  oc- 
uli,  25,  ophthalmic  ganglion;  26, 
twig  for  the  pituitary  gUind;  27, 
anastomosis    of   superior   oenieal 
ganglion    with    the   tirst    cerrictl 
pairs;  28,  carotid  and  phaiyngwl 
branches;  29,  pharyngt^al  and  in- 
tcrcarotid   plexus  ;    30,    laryngi«l 
branch,  anastomosed  with  tlie  external  larj'ngcal  of  the  pneumc^astric; 
31,  superior  cardiac  ner\*e  ;  32,  strands  of  junction  of  the  superior  cenn- 
<'al  gnnghon  with,  33,  middle  cervical  ganglion  :   among  the   infernal 
brandies  q{  ihe  latter  are,  34,  the  aivaalomQUc.  mlh-.  33,  the  recuirent 
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J6,  middle  cariliac  nen'c ;  37,  strand  of  junction  of  middle  cervical 
lion  with,  38,  inferior  ccr\'ical  ganglion  ;  40,  twigs  furnislicd  by  in- 
;  oen'ical  ganglion  around  the  subclavian  and  vertebral  arteries  ;  41, 
[omotic  branch  with  the  lirst  intercostal  nerve;  42,  cardiac  plexus 
ganglion ;  43,  44,  nccondary  plexuses  of  right  and  left  coronary  ar- 
i;  ftom  45  to  4l),  thoracic  ganglionar}'  chain  ;  47,  the  great  aplanch- 
nvcraing  the  diaphragm,  and  going  to,  48,  semilunar  gangUon  ;  49, 

splanchnic;  50,  solar  plexus,  receiving,  51,  anastomosis  of  j>nou- 
istrlc,02,  phrenic  nerve;  53,  gastric  coronary ;  54,  hepatic;  55,  splc- 

56,  superior  mesenteric,  enveloping  the  ai'teries  of  those  names ;  57, 

plexus ;  from  58  to  58,  lumbar  ganglionic  chain ;  5Q,  lumho-aortio 
IS,  presenting  two  enlai^nicnts,  one,  GO,  above,  the  other,  Gl,  below 
ifhrcation  of  the  aorta;  G2,  spermatic  plcxns;  G3,  inferior  mcscntcnc; 
ijpt^astric  plexus  ;  (>5  to  (J5,  sncral  ganglionic  chain ;  tiG,  terminal 
rgeal  ganglion;  A,  heart,  slightly  turned  aside  to  show  t]ic  cardiac 
a» ;  B,  arch  of  tho  aorta,  also  drauii  aside  by  hook ;  C,  iunominata  ; 
tbclavian,  cut,  to  show  inferior  cervical  ganglion ;  E,  inferior  t]iy« 
I  F,  |)ortion  of  external  carotid ;  G,  internal  carotid ;  H,  thoracic 
>;  I,  abdominal  aorta;  J,  primitive  iliac;  K,  intercostals ;  L,  pul- 
uy  artery,  of  which  tho  right  branch  is  cut ;  II,  superior  vena  CJiva, 
it  its  origin;  N,  vena  cava  inferior;  (),  pulmonary  veins;  tf,  lach- 
1  g^and ;  &,  sublingual  gland ;   c,  submaxillary  gland ;  d^  thyroid 

;  0,  trachea ;  y,  oesopliagus,  going  to.  ^,  the  stomach ;  /j,  several  in- 
kal  loops  with  superior  mesenteric  plexus ;  i,  transverse  colon ;  j^ 
did  dcxure;  ^',  rectum;  /,  bladder;  ?n,  ureter;  n,  prostate;  0,  vc- 
■'^l^  '"-  sieula  scminalis ;  ^7,  vas  deferens ;  (7,  sperm- 

atic cord ;  r,  r,  diaphragm. 
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J^i^.  177:  1,  1,  1, 1,  portion  of  the  right 
and  left  ganglionic  chain ;  2,  coccygeal  gan- 
glion ;  3,  median  anastomoses  of  the  two 
sacral  cords ;  4,  4,  great  splanchnic,  right 
and  left,  traversing  the  diaphragm,  and  go- 
ing to,  5,  5,  BcmilnnRr  ganglia ;  6,  solar 
plexus ;  7,  splenic  plexus ;  8,  hepatic  plex- 
us; 9,  coronary  plexus  of  stomach;  10, 
anastomoses  of  tho  two  pncnmogaatrics, 
right  and  loft,  with  solnr  plexus  and  gastric 
coronaiy;  11,  dia])hraginatic  plexus  and  su- 
perior capsular;  12,  anastomoses  of  these 
two  plexuses  with  the  plircJiic  ncr\-e;  I'J, 
middle  capsular  plexus ;  14,  inferior  ca^sa- 
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lar  plextig,  coining  from,  15,  renal  plexus;  U>,  16,  lesser  splanchnic*, 
traversing  tlie  diaplimgm ;  17,  puperior  mesenteric  plexus ;  1^.  spcnn- 
Atic  plcxQS,  arising  from  thrco  eoorcca,  the  renal,  lumbo-aortic,  and  hrpo- 
gastric;  from  19  to  19,  lunibo-nortic  plcxos;  20,  20,  its  bifurcations; 
21,  inferior  racsCDleric  plexus;  22,  22.  its  anastomoses  witli,  23,  23^ 
hypogastric  plexus  on  cacli  side ;  24,  24,  sacral  plexns  ;  a,  diaphragm, 
cut ;  A,  portion  of  stomach  and  os.sophagus  ;  r,  spleen ;  rf,  kidney  and  it« 
supra-renal  capsule ;  <?,  testicle ;  /',  ureter,  cut ;  A,  A,  aorta. 
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Fig*  178:  I,  eolar  plexus,  furnishing,  2,  hepatic  plexus;  '■^,  gastric 
coronary  plexttJ*,  and,  4,  splenic  plexus ;  5,  anastomoses  of  right  and  left 
pneumogastric  with  the  solar  plexus  and  gastric  coronary ;  G,  brandies 
of  pneumogastric  going  to  the  liver ;  7,  plexus  of  biliary  ducts;  8,  origin 
of  superior  mcsenterie  plexus;  9,  renal  plexus;  10,  capsular  plexus; 
11,  11,  spermatic  plexus;  12,  commencement  of  lumbo-aortic  plexoi; 
1 3,  portion  of  inferior  mesenteric  plex-us;  a,  the  liver,  raised;  ^,lhcs1oro> 
ach,  cut  at  its  great  end;  c^  the  spleen;  </,  the  kidney;  r,  kidney, cut; 
f^  supra-renni  capsule ;  g,  g,  ureters ;  .  _      'V- 1"- 

At  duodenum ;  t,  i,  pancreas. 

riff.  179. 
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irruBtoR  MEanrrBuc  xm  ntrcRios  ue«EinxRic  puexcs. 

J^ig.  179:  1,  snperior  meacntcric  plexus,  surrounding  the  divisions  of 
the  nrtpry  of  the  same  name,  and  offering  many  flat  ganglia  ;  2,  portion 
of  inferior  me^ntcric  plexus;  n,  ccecum  and  appendix  vermiformis ;  A,i, 
transverse  colon ;  c,  portion  of  small  intestine. 
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OF  THE  VOICE. 

I  aft\e  Voir*. — Oimparatirr.  Physioloyy  t^f  Sout,  Sony,  Vtfvx. — Diatmetion  bettpoeti  Sonp 
SpetrA. —  T%e  Larynx,  ami  its  Artion  in  Siayutff. — MuIIctm  JCr/ttfOiOtioa  ^f  the  Adion  of 
I'uncf/  Oryun*. — Sjieatiiiff  Aniaiata  oni/  Mudniteji, 
KifMfv  qf"  W'ttni*  and  thtir  ooattitmatt  Soundi, —  V<nvclt  and  C'onvitaiU. —  WlMt/teriny, — (Tm 
<fih€  Viiict  of  AmmaU, 

'  tjaBtgimvjt*:  tJicir  Daration^  Chvaeter,  IIittorif.~~Rttfi*trj  g^  Somiidt  hg  Writing  and  I\mt- 
^iff,—MiimealSiynM.~-Alp!iahetie  Writing. 

Fob  the  produciion  of  tlic  sounds  nccesBary  for  intercommuuication 
nong  the  higher  animala,  anil  ]iarticularl)^  for  tho  spt^ech  of  Voice  mnwt 
nan,  it  might  he  supiwscd  that  some  complicated  and  elah-  „7^aru  of 
Ofate  contrivance  must  needs  he  resorted  to.  This  object  is,  lespirkUon. 
however,  ucconipHshcd  by  merely  eiHployiii|*,  on  its  escape  from  the  sys- 
tem, llic  waited  product  of  rcejiiratiou,  tho  breath,  which,  as  it  issuca  out- 
through  the  respiratory  passfigcs,  sets  in  motion  a  simple  niccban- 
tlit^rchy  originates  nil  tlic  exquisite  modulations  of  son^,  and 
itnpressive  utterances  of  8[>ccch.  Is  it  not  to  be  admired  (liat 
iO&i  oiit  of  dead  and  dismissed  matter,  results  of  so  high  an  order,  ma- 
t'       ^      and  meutally,  arc  obtained? 

. .  -  -L  might  bo  tenned  tlie  com]>arativc  physiology  of  the  ^'oicc  is  very 
ioiple.     It  appears  first  in  invertebrate  animals  as  a  mo-  »  . 

lotonoos  noise  or  cry,  wliieh  gnidnally,  in  higher  tribes,  be-  phy%ia\o?yot 
somes  more  varied  in  loudness  and  note.  It  is  worthy  of  ^  *  *'"*^' 
cmark  that,  in  the  different  stages  of  his  existence  man  himself  furnishes 
|m  UJuitration  of  this  course.  Voiceless  before  birtJi,  with  a  piteous  or 
monotonous  cry  in  early  infoncy,  articulate  speech  and  song  are  tiie  re- 
mit of  education,  and  through  these  the  power  is  cventUAlly  gained  of 
expressing  the  most  refined  emotions  and  the  most  elevated  ideas.  The 
lolitary  bcU-like  sound  which  the  nudt branchiate  gasteropods  emit,  thus 
lirodnces,  by  its  successive  improvements,  a  wonderful  result  at  lajit. 

Among  insects  tlic  modes  of  producing  sounds  are  very  various,  some 
cfTccting  it  by  percussion,  some  by  the  friction  of  homy  or-  p^j„pjj„a  ^ 
gans.      In  otiiers,  the   extremity  of  tho  traclicn,  through  riuiimcntwy 
vhich  the  air  escapes,  ia  accommodated  with  vibrating  mem-  *°^ 

According  to  Uurmcistcr,  the  contractions  of  the  muscles  of  the 
which  are  brought  vigorously  into  action  during  flying,  ocoaaion 
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an  alternate  prcssoro  and  rdax&tioa 
upon  the  tracheal  tubes.     The  sir, 
thus  ^>assing  in  and  out,  throws  iiiio 
vibralion  tlic  valves  of  the  spincle, 
which,  as  seen  in  I^ig»  180,  aro  los- 
peiidcd  upon  a  dozen  or  more  flcxiUc 
supports  ;    but  their  Ijco  edges,  ap- 
proaching witliin  a  certain  distance  of 
each  other,  are  throirn  into  quick  vi- 
bnilion  by  the  passing  current,  in  the 
same  manner  as  is  tlic  vibrating  spring 
ot'  the  accordeon.      These  vibrating 
plates  of  insects  ore  the  rudiments  ol 
apirMi««rb»eei.  ^^.j^^^  ^,-^  bccomc  tlie  perfect  vocal  ap- 

paratus  in  man.  Again,  in  others,  the  swiftljr-rccorring  beating  of  the 
wings  produces  a  sound,  as,  for  example-,  in  the  musf|uito.  Among  vcr- 
tebratcd  animals,  tiiosc  which  breathe  the  air  arc  vocal,  nearly  all  tuhei 
Sonnds  nf  np.  bcing  mutc.  From  lishcs,  as  we  pass  upward,  the  sound 
iUc»  and  liirUs.  j^^^  jj^^  jnstnimcnt  which  makes  it  increase  together  in  com- 
|>!cjcity.  Through  a  simple  chink,  tiic  air  expelled  from  the  respiraloi; 
sacs  of  snakes,  by  the  contraction  of  their  ab<lomiual  muscles,  issues 
forth  as  a  mere  hiss,  the  sound  being  increased  in  the  frog  by  tJio  devel- 
opment of  resonant  cavities.  From  these  simple  noises  we  are  condact- 
cd  to  the  musical  notes  of  birds,  some  of  which  are  of  exquisite  purity 
and  sweetness.  Iji  these,  tlie  vocal  glottis  is  situated  at  tlic  bifurcation 
of  the  trachea,  another  glottis  bcing  above  for  tlie  iinal  e»- 
capc  of  the  air.  These  vertebrated  animals  lirst  introduce 
us  to  the  mechanism  for  articulate  speech,  the  raven  and  paiTOt  being 
able  to  pronounce  words  with  distinctness.  The  articulation  is  ctlccted, 
as  in  man,  by  the  motions  of  the  tongue  and  other  portions  of  the  mouth. 
For  the  further  consideration  of  this  subject,  it  is  necessary  to  under- 
Di»tl  ct'on  bp.  *'*"■"*!  *^^^  there  is  a  distinction  between  song  and  spcccli. 
ihfcQMjnganii  Song  is  produced  by  the  glottis,  speech  by  the  mouth;  or, 
perhaps,  a  more  correct  statement  would  be,  that  tho  laiynx 


TftUuQg  birds. 


Bplft'Cll. 


ii  the  organ  of  song,  tlie  mouth  of  that  form  of  speech  which  wc  call 
wlusi)cring,  and  for  which  nothing  is  required  but  a  stream  of  nir  issuing 
from  tlic  fauces,  the  tongue  and  other  organs  giving  it  articulation ;  hot 
for  audible  sj^eecli,  a  noiao  is  created  in  the  larj'nx,  and  modi6ed  by  ar- 
liculiitiun  in  the  mouth. 

The  double  larynx  of  birds  is  replaced  by  a  single  larynx  in  man, 
wliich  scn'os  at  tho  same  time  for  the  entrance  and  exit  of  air,  and  like- 
wise for  vocalization.  Tliosc  birds  in  which  the  lower  larynx  is  absent 
are  voiceless.     A  general  idea  of  the  construction  of  the  organ  of  \-oicc 
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ninan  may  be  gathered  by  supposing  it  to  be  composed  of  three  por- 
tions, the  trachea,  the  larynx,  and  (lie  mouth.     T!ic  trachea  ti<^ni.iion  of 
a  the  tnbc  by  which  air  i^  brought  from  the  lungs  and  de-  ^*"=  '«•".*  "-'^ 
Itreied  into  the  larynx,  wliich  is  a  ftU|>erpo3ed  structure,  arranged  tipon 
llie  cricoid  cartilage,  on  which  is  articulated  the  thyroid  cartilage  by  its 
lomr  Horns,  around  which  a  certain  degree  of  rotation  can  be  accomplish- 
ed, so  that  the  front  of  the  tliyroid  may  be  elevated  or  depressed  with  a 
kinti  of  bowing  motion.     Posteriorly,  on  the  cricoid  cartilage  are  placed 
ttio  orytejioid  c<-trliJ;igc3,  wiiicli  can  be  approached  or  separated  from  each 
i}(ber,and  from  their  summits  pass  to  the  front  of  the  thyroid  cartilage 
the  inferior  larj-ngcnl  ligaments  or  vocal  cords.     These  constitute  the 
csseniial  organ  of  sound.     The  thyroid  cartilage,  by  its  motions,  can  de- 
Itnnine  the  strain  put  upon  them,  and  the  arytenoids  can  cither  bring 
lliwa  into  p-iriilltOisin,  or  phure  tlieni  at  an  acute  angle.     The  triiink  or  tis- 
i\m  l«twecn  tlicm  is  tlic  rima  glottidis  :  its  figure  and  widtJi  vary  with 
lie  recession  or  approximation  of  the  vocal  cords,  which,  as  the  air  ]>a8S03 
W  ifeem,  are  thrown  into  vibration  in  the  same  manner  as  the  reed  in  mu- 
sical instruments.     The  epiglottis  cartilage,  which  is  above,  guards  the 
puuge,  and  may  also  bo  supposed,  by  its  descent,  to  deaden  the  sounds. 
The  slowness  or  rapidity  of  the  vibration  is  dependent  on  tlic  stretch 
of  tho  vocal  cords.     The  manner  in  which  various  degrees  K«igQluion  of 
"Jf  tension  can  be  given  to  tlie  cords  is  readily  understood  by  tb«»oe»l«>rt«. 
wnsidcring  their  attachmcitts.     In  front,  as  we  have  said,  they  arc  fast- 
*!Qed  10  the  tlijToid  cartilage,  posteriorly  to  the  arytenoids.     When  tlie 
lit)TOid  cartilngc  executes  a  bowing  motion  forward,  the  vocal  cords  are 
pat  upon  the  stretch,  and  similar  variations  of  their  tension  and  also  of 
iluiir  position  can  be  given  by  the  movements  of  the  arytenoid  cartilages 
Wiind.     AVhcn  the  air  is  moving  in  and  out  without  giving  rise  to  any 
Wnnd,  the  chink  of  the  glottis  is  angular,  its  iwint  being  forward,  and 
''om  that  the  cords  diverge  posteriorly.     i*or  the  production  of  sound, 
^lie  cords  most  be  brought  parallel,  or  even  inclining  toward  each  other. 
"ihcj  incline  away  from  each  other,  no  sound  will  be  produced.     The 
pitch  of  the  note  will  be  determined  by  the  strettth  of  the  cords,  and  this, 
"1  itB  turn,  will  be  determined  by  the  contraction  of  the  vocal  muscles. 
■*ne  crico-tbyroid  and  stcruo-th'k'roid  bow  the  front  of  the  thyroid  cartU- 
L*gc  down,  (lie  thyro-arytenoiJ  and  thyro-hyoid  carry  it  back ;  the  for- 
■^Cr  therefore  stretch  the  cords,  and  the  latter  relax  ihem.     The  opening 
the  glotlta  is  likewise  determined  by  other  muscles,  the  posterior  cri- 
jytejioid  dilating  it,  and  the  lateral  crico-arytenoid  and  tho  transverso 
noid  clof^ing  it. 

-f^ff.  181.  p,  354,  is  the  larynx,  seen  in  profile:  a,  a,half  of  tho  hyoid 
//,  thyroid  cartilage,  cut;   r,  thyro-hyoid  membrane;  fi^  cricoid 
tilage ;  tJ,  trachea ;  /',  ccsophagus  ;  ^,  epiglottis ;  A,  great  hem  of  the 
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thyroid  cartilflgc,  united  to,  i',  the  grott  bom  of  the  oa  by- 
oidea  by,  i,  the  lateral  thyro-Iiyoid  ligament ;  /,  thyn>-h»(i3 
mcmbmne,  traversed  by  the  sapcrior  laryngeal  ncm;  m, 
posterior  crico-arytcnoid  miucic ;  n,  lateral  crico-arrtenoiii  : 
1,  inferior  laiyngeul  ncr>'e;  2»  posterior  crico  -  arytcnoni 
twigs ;  3,  lateral  crico-arytenoid  twigs ;  4,  tliyno-arytenfiid 
twigs ;  6,  arytenoid  twig. 

7*7^7.  182  13  the  posterior  Wcw  of  the  lar- 
Prouie "n^fjtuL  ynx:  a«  base  of  the  tongue;  A,  posterior  bor- 
der of  the  thyroid  cartilage  ;  c,  c,  thyroid  body ;  it,  pos- 
terior crico-arytcnoid  muscle;  t,  arytenoid  muscle;  1,  1, 
superior  larj^ngeal,  traversing  the  superior  thyro-hyoid 
membrane,  and  giving  otf  lingual  and  epiglottic  branches, 
nnd  others  to  the  mucous  membrane  covering  the  poste- 
rior face  of  the  larynx ;  2,  twig  for  the  arytenoid  muscle ; 
3,  anastomotic  of  (Jalicn  ;  4,  inferior  laryngeal :  5,  tra- 
cheal branches ;  6,  twig  for  tlie  posterior  crico-arytenoid 
muscle ;  7»  twig  for  the  arrtenoid  muscle ;  8,  branch  for  the  lateral  crico* 
lurj'tenoid  and  posterior  crico-arjtenoid  muscles. 

The  researches  of  MtiUcr  furnish  the  best  account  we  posse&s  of  ibf 
U&ller'acx.  ftctiou  of  the  vocal  organs.  He  has  shown  that  the  Urrnx 
UuuUoDofUM  **  essentially  a  reed  instrument  with  a  doable  mcmfaraaoas 
toceI  orffAM.  tongue.  Tliat  the  riran  glottidis  is  the  scat  of  the  origin*/ 
the  sound  is  proved  by  the  fact  that  when  an  aperture  exists  in  the  tn- 
chea  below  the  glottis  the  voice  disappears,  but  if  above  the  glottis  then 
is  no  efFcct,  Magendic  i-ccords  ihc  case  of  a  man  who  had  a  tistulous 
opening  in  his  trachea,  and  who  could  not  s])?^!!^  unless  he  closed  it « 
wore  a  tight  eravat  31orcover,  the  human  or  animal  larynx  can  be  mail 
to  produce  its  characteristic  sounds  witit  more  or  less  distinctness,  aflait 
has  been  removed  from  the  body,  by  directing  a  current  of  ah:  throng 
the  trachea.  Cases  have  occurred  which  have  afforded  the  opjwrtnnilT 
of  obsen'ing  the  condition  of  the  glottis  while  emitting  sounds.  Tbs 
vocal  cords  arc  brouglit  into  |iarallclism  with  one  another,  and  sepamted 
by  an  inten'al  of  scarcely  more  than  from  the  yj-^j  to  the  -j-|^  of  an  inch; 
but  when  the  air  is  moving  in  and  out  silently^  the  tissure  assumes  a  di* 
vergcnt  or  triangular  form. 

Professor  Miillcr  gives  the  following  account  of  the  mode  of  produc- 
tion of  the  notes  of  the  natural  voice.  "  TIio  vocal  ligaments  vibrate  '^ 
their  entire  length,  and  with  tliem  the  surrounding  membranes  aiid  \^< 
thyro-arj'tenoid  muscles.  For  the  deepest  notes,  the  vocal  ligaments  si' 
much  relaxed  by  the  approximation  of  the  thyroid  to  the  arytenoiJ  (^ 
tilagcs.  The  lips  of  the  glottis  arc,  in  this  state  of  the  larynx,  not  oniT 
qmie  devoid  of  tension ;  they  are,  when  at  rest,  even  wrinkled  and  pl^' 
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cate«l,  but  they  Income  stretched  hy  the  current  of  air,  and  thus  acquire 
the  degree  of  tension  necessary  for  vibration.  From  the  deepest  note 
thas  produced,  the  vocal  sounds  may  be  raised  about  an  octave  by  al- 
lowing the  vocal  cords  to  have  a  shght  degree  of  tension,  which  the  elas- 
tic  crico-thirToid  ligament  can  give  tliem  by  drawing  the  thyroid  cartiJ-ige 
toward  the  cricoid.  The  medium  state,  iu  wliich  the  corda  are  neitJier 
relaxed  and  wrinkled  nor  stretclied,  is  the  condition  for  the  middle  notes 
of  the  natural  register,  tiiose  whicii  are  most  easily  produced.  The  or- 
4inBry  tones  of  the  voice  in  speaking  are  intermediate  between  these  and 
the  deep  bass  notes.  The  higher  notes  are  produced  and  the  corTCS»pond- 
ing  falsetto  notes  avoided  by  the  lateral  compression  of  tlic  vocal  cords, 
and  by  the  narrowing  of  the  space  bcnenth  llicm  by  means  of  the  th^TO- 
arylenoid  muscles,  and  farther  by  increasing  the  force  of  the  current  of 
air;  llie  muscular  tension  given  to  the  lips  of  the  glottis  by  the  muscles 
above  mentioned  must  also  be  taken  into  account,  as  contributing  to  tho 
production  of  the  notes  of  the  natural  register." 

An  artificial  larj'ux,  constructed  in  such  a  way  as  to  represent  more 
Off  le-».s  perfectly  the  preceding  conditions,  will  give  rise  to  ArtlficUllA- 
sound-'*  analogous  to  those  of  tlie  hnman  larj'nx.     Such  Imve  ""*- 
been  made  of  leather,  and,  better  still,  of  caoutcliouc. 

The  narrower  the  glottis  is  made,  and  the  more  tightly  the  cords  are 
strained,  the  more  rapidly  they  will  vibrate,  and  the  higher  will  bo  (Iio 
nnuical  note  emitted.  In  an  individual  the  range  of  the  ReUtknsrfihs 
voice  is  rarely  tlirce  octaves,  lint  the  male  and  female  voice^  larjTix  ta  aing- 
taken  together,  m.iy  lie  considereil  as  reaching  to  four.  Gen-  "*^ 
emlly,  the  loH'Ost  female  note  is  about  an  octave  higher  than  the  lowest 
male,  a  similar  remark  applying  to  their  highest  notes  respectively. 
They  differ  also  intrinsically  from  each  other,  just  as  different  wind  in- 
struments sounding  tlic  same  note  give  it  of  a  different  quality.  More- 
over, in  eacii  sex  there  nrc  different  \'oice3 :  in  the  male,  the  base  and  the 
tenor ;  in  the  female,  tlio  contralto  and  soprano.  The  base  usually  reach- 
a  lower  notes  tlian  the  tenor,  and  the  tenor  higher  than  the  base ;  the 
contralto  reaches  usually  lower  notes  than  the  soprano,  and  the  soprano 
higher  ones  than  the  contralto,  though  these  distinctions  are  by  no  means 
uniform.  There  are,  agmn,  intermediate  complications :  thus  tho  bary- 
tone intervenes  between  the  lasc  and  the  tenor,  and  the  mezzo  soprano 
between  the  contralto  and  soprano.  The  cliicf  reason  for  the  diffo4*ejice 
between  tlie  voice  in  tlic  sexes  is  in  the  difference  of  the  length  of  their 
vocal  cords,  which  are  in  men  and  women  respectively  in  the  proportion 
of  three  to  two:  but  besides  this,  those  personal  peculiarities  which  we 
80  readily  recognize  in  tlie  voices  of  individuals  arc  due  to  differences  in 
the  structure  of  the  tissues  forming  tlie  vocal  mechanism,  or  peculiarities 
in  tlic  size  and  condition  of  the  resonant  cavities.     VtwYHftxvVV^  \\i^  waxftR^ 
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individual  Ib  capciblc  of  singing  in  two  dliTennit  voices,  known  as  cbeil 
notes  Olid  fuUeito  notes.  TIte  chest  notes  arc  produced  by  tlic  ordittaiy 
mode  of  vibration ;  llie  falsetto  notes,  which  arc  purer  or  more  flutj-.tn 
considered  to  be  probably  due  to  vibrations  of  the  harmonic  subdivittoos 
cf  the  column  of  air  in  tlie  trachea,  or  to  vibrations  of  the  inner  bordo^ 
of  tlie  vocal  cords.  ^M 

While  thus  song  is  hu-yngeaK  speech,  whicli  is  a  moditicatlon  thereof 
c„  f  :  is  oral,  or  produced  bv  the  mouth.  Man  is  not  alone  cndo»- 
iti«u  and  luft.  cd  with  tlic  faculty  of  uttering  arlicukkte  sounds:  there  we 

""*  sevend  other  animals  which,  by  education,  may  be  taught  lo 

cjcprcss  them.  Ingenious  mechanics  have  also  repeatodiy  invented  iih 
Btruments,  llie  construction  of  which,  being  upon  the  same  principle  a 
that  of  the  vocal  oi^ns,  has  combined  the  sounds  of  letters  into  vor^ 
find  even  into  sentences,  a  convincing  proof  not  only  of  the  mechauial 
nature  of  articulate  souudi),  but  also  oi'the  perfect  manner  in  which  the 
natural  mechanism  is  understood.  Animals  which  have  been  taught  to 
speak  may  also  be  regarded  as  automata,  for  tliey  have  no  comprcbcn- 
sion  of  what  it  is  they  are  uttering,  and  never  produce  articulate  com* 
binationa  spontaneously,  but  only  as  tha  result  of  instruction. 

Like  the  automata  just  alluded  to,  the  human  voice  exjiresscs  voidl 
Wordsorij-inito  ^'^  coD^'Liining  their  constituent  letters  together.     GramrM* 
\  y  coiiiUinmg     nans  divide  letters  into  two  groups,  vowels  and  eonsoiumts. 
detining  the  vowel  as  a  sound  that  can  be  uttered  by  itddl. 
the  consonant  taking  its  name  from  the  fuct  that  it  can  only  be  utteretl 
consonantly  with  a  vowel.     By  personal  experiment,  it  may  be  easilr 
proved  timt  the  vowel  is  a  continuous  soiwd,  which  may  bo  kept  up  juBi 
as  long  as  the  breatli  will  enable,  and,  on  examining  the  position  ol"  the 
Connonwiu   tonguc  and  otlier  movable  portions  of  the  mouth,  the  partictilil 
■ud  vowcif,  arrangement  necessary  for  pronouncing  the  letters  a,  «,  »,  o,  "^ 
or  the  sixteen  or  eighteen  vowel  sounds  of  the  Continental  languages,  will 
be  detected.     It  will  be  found  tliat  the  determining  condition  is,  for  ihc 
most  part,  the  j>eculinr  moditication  of  the  oral  apertures.     It  will  also 
be  discovered  that  articulation  is  wholly  independent  of  the  larynx,  since 
merely  by  expelUng  tlic  air  through  the  moutli,  without  permitting  any 
laryngeal  sound  to  be  formed,  all  the  letters  may  be  articulated  iu  a  whis- 
|>cr.     Jl.  Dcleau  has  illustrated  this  fact  in  an  ingenious  way  by  put- 
ting an  India-rubber  tube  through  the  nostril,  so  as  to  reach  the  poste- 
rior portion  of  the  mouth,  and  causing  another  individual  to  blow  gently 
tlirough  it :  while  the  organs  of  the  mouth  arc  silently  thrown  into  those 
^'attire  of  Khi9-  positions  neocssory  for  tlic  utteraucc  of  any  particular  sound, 
V*^^e-  that  articulate  sound  will  at  once  appe^ir  in  whispers ;  but 

if,  while  this  is  being  done,  tlie  larynx  is  permitted  to  yield  a  sound,  two 
voices  thcji  ore  heard,  one  in  audible  speech  and  one  in  a  whisncr,  the 
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former  belonging  to  the  individual  wlio  13  making  the  experiment,  and 
llie  otbpr  arising  from  the  air  which  his  companion  is  blowing  into  tlie 
tube.  There  is  no  kind  of  difHcalty  in  constructing  a  simple  kind  of  in- 
strument from  which  the  sounds  of  the  vowels  can  be  produced  by  gen- 
tly blowing  air  into  it. 

The  consonants  are  of  two  kinds^  the  explosive  and  conltnuoua.  The 
former  arise  fi-om  an  abrupt  and  momentary  action,  and  dis-  ExryioUve  and 
appear  at  once;  as  examples  of  these,  the  letters  A,  d^p^  in  cooUdoomcoo- 
which  it  may  be  remarked  that  the  characteristic  of  the 
sound  disappears  in  an  instant ;  hence  the  term  explosive ;  and  if  any 
attempt  be  made  to  continue  it,  it  issues  in  the  utterance  of  the  vowel  e , 
bat  in  the  continuous  consonants  this  does  not  take  place,  as  in  the  let- 
ters n,/*,  A  In  the  case  of  tlie  consonants,  aa  in  that  of  the  vowels,  the 
peculiar  arrangement  of  the  |wirta  of  tlie  mouth,  thougli  difficult  to  de- 
scribe, may  be  readily  ascertaine-d  by  personal  experiment. 

Of  vocal  sounds  thus  originating,  it  may  be  remarked,  that  in  the  low- 
er tribes  of  animals,  their  cljiel'  use  seems  to  have  reference  to  ^^  ^^  ^^ 
the  perpetuation  of  the  raoe.  Even  in  the  highest,  the  changes  voice  trf  mU 
of  the  reproductive  and  vocal  organs  often  occur  coutempora-  " 
neoufily;  but,  though  this  may  be  true  of  mere  sounds,  the  modulated 
^*artationa  thereof  have  a  far  more  general  nse.  Of  languages  it  may  be 
said  ti»at  they  are  the  creation  of  groups  or  nations  of  men,  not  of  indi- 
ndoals,  and  hence  they  reach  beyond  the  compass  of  indi-  ofUnt'waKt^: 
vidnal  life,  in  some  instances  having  endured  for  thousands  "'"''  tluniiioo. 
of  years.  Moreover,  if  criticnlly  considered,  each  often  contains  tiie  his- 
tory of  the  race  by  which  it  is  spoken,  and  even  manifests  the  broader 
features  of  its  character;  so  our  own  tongue  contains  the  indications  of 
the  two  chief  political  events  which  have  befallen  the  English  nation,  at 
least  so  far  as  foreign  relations  arc  concerned — the  conquest  of  Britain  by 
the  Romans,  and.  a  tiiouaand  years  after,  by  the  French.  In  conse- 
quence of  the  first  of  these  events,  tiie  language  became,  so  far  as  com- 
mon expressions  are  concerned,  almost  bi-linguah  Such  simple  illiLstra- 
tions  as  the  words  Gfxl,  deity;  fatherly,  patcrnnl :  motherly,  maternal; 
heavenly,  celestial ;  earthly,  terrestrial;  hellish,  infernal ;  womanly,  fem- 
inine, may  servo  aa  examples.  So  well  recognized  are  these  principles 
among  lingnists  thsit  they  ni-e  resorted  to  for  tlie  decision  of  prc-hisloric- 
al  questions.  The  best  and  most  precise  evidence  that  we  have  of  the 
Indian  origin  of  tlic  German  nations  is  derived  from  the  occurrence  of 
Sanscrit  roots  in  their  vocabulary,  and  analogies  in  their  grammar.  The 
names  of  many  domestic  animals,  of  fanning  implements,  and  of  many 
common  objects,  are  the  same  in  Sanscrit,  Latin,  Greek,  and  Oermnn. 

Nay,  even  more  than  this,  from  the  structure  of  a  language,  collated 
with  the  history  of  the  people  by  which  it  is  sjioken,  we  can  often  judge 
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CocuMctloD of  of  *''^  inflnence  of  events  more  jjcrfectl y  than  in  any  oiki 
Uaf[u«fi«  wiib  y^y .  so  in  the  two  instances  •wiiidi  wc  nre  rcfcning  to  as 
jAritiea  *ud  iUustnittons  of  thcso  remarks,  the  Freneh  conqaeat  did  not 
hutory.  make  t!iat  deep  and  abiding  impression  which  the  Ronuncne 

had  done.  A  thousand  years  liad  ehipsed  between  the  invasion  of  Oenr 
and  tliat  of  Wllliiuu  of  Normandy,  eight  hundred  only  from  the  Utter 
event  to  our  timns,  yet  the  intiucnco  of  the  masculine  and  civilizirg  Bo- 
man  has  reached  tlirough  that  long  interval,  has  made  the  deepest  ha— 
pressLon  en  tlie  national  character,  and  is  manifested  in  almost  one  halT 
of  the  sentences  that  we  utter. 

Connected  with  articulate  speech,  it  may  not  be  out  of  place  to  allude 
R»RiMrvof  briefly  to  tiiose  great  advances  wluch  liave  been  made  by  Uie 
lnKu«?prTnu'  E^^**'^  of  man  in  the  permanent  record  or  registering  by 
tog.  written  signs  ;  and  &s  sounds  arc  of  two  kinds,  musical  «nd 

articulate,  so  we  have  two  distinct  methods  of  writing ;  and  this,  leaving 
out  oU  tho  earlier  and  more  imperfect  forms,  a  method  for  music  out!  oM 
for  speech.  Of  the  former,  it  is  scarcely  necessary  to  remark  that  it  is 
universal ;  tho  combination  of  sounds  designed  to  be  conveyed  is  com- 
prehended at  once  by  men  of  every  nation  ;  but  in  tho  writing  for  spcecL 
various  methods  have  been  employed  at  dificront  times  and  by  difTcrent 

DiflbrmttMth.  '^^^^'O^S'  f'*^"^  ^^^^  picture  writing,  each  sign  of  which  cilkd 
cnU  oTexprew-  forth  in  different  languages  different  sounds,  through  the  hi* 
ag  tagwsv.  groglypiiic  and  Chinese  methods  np  to  that  most  splcndtJ 
invention  of  later  ages,  alphabetic  writing,  the  principle  of  which  is  ab- 
solutely perfect,  because  It  is  natural,  being  to  decompose  cacli  word  into 
each  constituent  vowel  or  consonant  sound  whicli  it  contains,  and  to 
write  a  mark  or  letter  representing  each  of  tliose  sounds.  Though  dudj 
circumstances  have  contributed  to  the  advancement  of  the  human  race.it 
can  not  be  doubted  that  this  invention  Iiaa  exceeded  al!  others  in  power, 
and  tliat  alphabetic  writing  has  been  the  great  instrument  of  civilization 
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OF  HE.VRIXG. 

r  Smtfx :   Gmrrnl  RftHorl-n  upnn. — Fiiv  Orfftau  n/ Sff»*f~ — Xertxtutg  o/"  Apparama  for  tie 
^/fmciulion  of  Tiute,  •S/uct',  J^rauvrt,  Ttrmptratmn^  amd  Otcmical  i^ualilie*. 
TBtafimg. — (Jtnemt  Stntrtitrt  i^tht  Organ  o/Utari»g. — IVtifical  Peculiarities  ofSomdt,  fa- 
■m^jr.  Tint  nf  V'iltratioa,  and  Quaiily. —  The  Tympumm,  Codtka,  and  iitmrirctiiur  ConaU 
prvyTir  ike  AfpTtrintum  oftAfjte  jieeyJiarititM, 
WtKtmv  and  FtatcticHs  oftht  TympaHvm,  or  Afeaswvmeat  efTntennty. 

iqftht  CocAita,  ilt  Spiral  l/amina  and  Sealit. — Altaairt*  the  Time  of  Vibration, — Ac- 

mt  of  fntrrfcrvfir^  m  tke  Scahr. — Comptiratira  Anafotay  of  lie  CoMea, 
I  oft^  Sata'ciraiiiir  CanaU, —  TTag  nttmatt  tJie  Qnaiitg  ^  Somtdt. 
Ui'it  AMlomg  <if  lie  Amiitory  Mtckanitm. — Ita  Pro^rtM  in  Dtvthpmtnt. — Tmpafte^m 
X  I}octTiM  o/  Mtann  and  Ends, 

OF  TIIE  SENSES. 

[The  organs  and  functions  'which  bare  thus  far  been  dcscribetl  have 
r  for  the  most  part,  to  tlie  conservation  of  the  indi-  Function  of 

u  .  ;  iiig,  maintaining  its  Htructuro  unimpaired,  notwith-  ^'"'  *^"°»^ 
inding  the  waste  it  is  ]>crpetually  undergoing,  or  conducting  Ita  devcl- 
■ncnt.  We  now  enter  on  the  consideration  of  a  totallj^  distinct  ap- 
Bittus,  tlie  object  of  which  is  to  put  the  individual  in  rehitlon  with  cx- 
^nal  nature,  and  to  which,  tlierefore,  the  designation  of  mechanism  of 
genial  rcUtion  may  be  appropriately  given. 

li'or  the  sentient  being  in  ita  highest  development,  means  must  be  pro- 
iSed  for  the  perception  of  time,  space,  force,  and  quality.  Fivem-i^aiu 
liis  is  accomplished  by  wiiat  are  termed  the  organs  of  sense,  of  ■«>»«;. 
|icy  are  five  in  number:  1st.  The  organ  of  hearing:  2d.  That  of  see- 
Ig;  3<L  That  of  touching ;  4th.  That  of  smelling;  5th.  That  of  tasting. 
I  the  fiirthcr  description  of  the  senses,  it  will  l>e  found  that  the  car  is 
le  organ  of  time ;  the  eye  that  of  space ;  the  tactile  apparatus  is  for  the 
Srccplion  of  force ;  and  that  the  mechanism  for  smelling  and  tasting  con- 
^ntly  determine  the  chemical  qualities  of  bodies ;  that  of  smelling  ad- 
icssing  itself  to  substances  which  are  in  the  vaporous  and  gaseous  stale ; 
id  that  of  tasting,  to  sucli  as  are  licjuid  or  dissolved  in  water. 
,AVo  slioll  pursue  the  description  of  the  senses  in  the  order  in  which 
jl^itave  been  just  enumerated,  premising  of  them  respect-  Th*  v*r  liUie 
■^  that,  the  function  of  hearing  being  the  reception  of  the  *"^*"  ^  ""■• 
Icocasion  of  sounds,  periods  of  silence,  musical  notes,  and  their  modu- 
tionii,  together  with  the  peculiarities  of  articulate  speech,  things  which 
inherently  and  essentially  connected  with  the  lapse  of  time,  the 
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The  eve  u  itie  CUT  Is  ID  a  pliUosophical  BCDSO  the  tiTDO  OTgan ;  that,  tbefas^ 
crgaa  of  »p.«;.  jj^jj  (jf  (j^^  ^y^  being  the  estimation  of  extcnla,  the  position 
of  objects,  their  sizes  and  apparent  distances,  ttiU  apjMirsituB  is,  in  reiliiv, 
the  s|mce  organ,  ita  indiciitions  in  this  particular  being  randerod  noto 
pcrapicuous  and  more  intense  by  its  quality  of  being  a&cled  bymift- 
tioit3  of  color ;  that  as  the  tactile  mechanism  is  affected  by  eactrueou 
To  ch  Is  fyr  ^^r*^*^*'  ^"^'''  "*  pressuTCS,  estimating  their  degree  of  ix)\rer,  kA 
pKuurc  uiJ  being  Ukcwise  influenced  by  things  which  arc  at  a  distance, 
tanperunxv.  ^j^^  tcmperatUTCs  of  which  arc  diUcrcnt  from  the  ataiulud 
which  it  observes,  but  not  by  electrical,  magnetic,  or  luminous  ngsaatSt 
we  may  infer  that  ita  functions  arc  limited  to  a  relation  with  mecfaame^ 
Smell  anil  tiMa  powers,  Strictly  speaking,  and  to  heat;  that  smell  andtisie, 
for  clx-iiiioAi      t]iou;;h  conveniently  treated  of  as  Hcnarate  functions,  (le- 

qonlilirforpa*.  *=*  ^  .  '  n-     i    ■       i      i 

M  anil  liciiiids  pCHdent  on  separate  organs,  arc^  m  reality,  alueu  m  the  cl^ 
peapMdvcly.  termination  of  the  chemical  peculiarities  of  bodies,  and  re- 
spectively adapted  to  tlic  appreciation  of  those  pccuharitics,  according  u 
the  substance  presented  may  have  tlic  gaseous  or  liquid  form. 

OF  HEARIXG. 

The  organ  of  hearing  \&  composed  of  three  parts,  the  external  ecr,  I 
tym|Himc  cavity  or  tympanum,  and  the  labyrinth. 

The  external  car  consists  of,  lat.  The  pinnn,  which  is  for  the  purpose 
OTihscxtcr-  of  collecting  soniferous  waves,  and  directing  them  into,  2^^ 
ulur.  The  meatus  auditorius  or  auditor}'  canal,  a  tube  about  an  inel^^ 

long,  and  extending  to  the  tytni>anum.  It  is  not  perfectly  cylindrial, 
its  vertical  diameter  being  the  greatest,  and  it  is  curved  so  as  to  be  con- 
cave downward.  Tlie  interior  is  protected  by  hairs,  and  by  a  waxy  «• 
crction  of  the  ccruminous  glands. 

The  tympanum,  tympanic  cavity,  or  middle  car,  is  within  llic  pet 
Ofthcij-miift-  hone.  It  is  bounded  exteriorly  by  a  thin  oval  memhr 
Bum.  (be  menibrana  tynijmni,  which  is  ]ilaced  obliquely  across  ll« 

meatus,  at  on  angle  of  about  4o  degrees,  its  outward  plane  looking  down- 
ward.    Across  the  tympanum  there  is  a  ch.iin  of  three  small  bones,  the 
malleus  or  hammer,  tlio  incus  or  anvil,  and  the  stapes  or  stirrup.     The 
malleus  is  attached  by  its  handle  to  the  membrana  tympani,  and  the; 
stapes,  which  is  at  iho  other  exti'cmc  of  the  chain,  is  fastened  by  its  foot-' 

L plate  to  the  membrane  of  the  fenestra  ovolis.  To  the  short  process  of^ 
the  malleus,  tlio  tcr.don  of  the  tensor  tympani  is  attached,  and  to  the  nect. 
of  the  stapes  the  stapedius.  Besides  these,  other  muscles  of  the  tympa- 
nic cavity  may  be  doubtl'uUy  mentioned,  as  the  external  muscle  or  lasa— 
tor  tympani,  and  the  laxator  tympani  minor.  Into  the  tympanic  cavity^ 
there  are  ten  openings,  of  which  the  more  important  ones  are,  1st,  That  of 
the  meatus  auditorius ;  2d.  The  tcnestra  ovalis,  which  is  of  on  elliptic^ 
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iiape  and  op|>ositc  the  preceding,  tlie  foot-plate  of  the  stapes,  aa  has  been 
id,  being  placed  upon  it ;  it  i»  also  sometimes  called  fcnestm  vc3tibuli ; 
,,  iVncstra  rotunda,  which  is  below  the  preceding,  and  separated  from 
by  the  promontory.  From  the  circumstance  that  it  Icjid-s  from  the 
ipanujn  to  the  cochlea,  it  is  also  called  fenestra  eochicje:  like  thopre- 
inp,  it  is  closed  by  a  double  ineiiibninc ;  4th.  The  Kustachian  tube, 
hicli  exteiida  from  the  anterior  of  the  (jTuiMinum  to  tlic  pliaiynx;  (ind, 
Tfao  mastoid  cells.  The  smaller  openings  are  for  the  passage  of  va- 
ioua  ncnes  and  muscles. 
The  labyrinth,  called  likewise  ihc  internal  car,  consists  of  tlui^c  parts, 
.vestibulo,  the  semicircular  canals,  and  the  cochlt^a. 
'he  vestibule  haa  three  corners,  an  iinterior,  a  sujxTior,  and  a  poste- 
lor,  termed  its  venlriele.t.  There  ©ixin  into  it  the  fenestra  oftliffUby- 
.lis,tlicscaluve,<tibuli,  and  the  five  openings  of  the  three  sem-  ""**»• 
icircoJar  canals.  Besides  these  there  arc  eome  smaller  ones,  as  the  aquc- 
Boct  of  the  vestibule,  and  foramina  for  small  arteries,  and  for  rhe  branch- 
|es  of  the  auditory  nen-e.  T!ie  seniicircular  canals  are  three  bony  semi- 
l/tircles  opening  into  the  vestibule  :  upon  one  of  the  branches  of  each  there 
jlfl  a  dilatation,  the  ampuUn.  The  three  eanahi  arc  resjiectively  placed  in 
slanes  at  rigiit  angles  to  eacli  otitcr.  The  cochlea  is  a  spiral  bony  canxJ 
!d  upon  a  central  axid,  the  modiolus:  its  interior  is  divided iuto  two 
IS  or  Hcahe  by  the  lamina  spiralis.  These  communicate  at  the 
of  the  cochlea  throngli  a  small  aperture,  their  other  extremities 
fling  differently;  the  scala  A-estibuli  into  the  anterior  ventricle  of  the 
(vestibule,  and  the  scala  tympani  llirongh  the  fenestra  rotunda  into  the 
l^^mpanum.  Tlio  labyrinth  contains  interiorly  a  membrane,  the  mem- 
(ttraJious  lab^Tinth.  lictween  the  membranous  labyrinth  and  the  bony, 
r«  liqnid,  the  perilymph,  intervenes  ;  the  membranous  labvrinlli  l)cing 
itXso  fdlcd  with  lifiuid,  the  cndolymph.  There  is  no  pcrilj-mph  in  the 
eoctdea. 

Of  the  three  portions  of  the  ear,  the  external  canal  is,  of  course,  full 
p£  air,  as  is  also  the  tympanic  cavity  or  drum ;  but  tlie  labyrinth,  as  wc 

five  seen,  is  tilled  with  a  liquid,  and  in  this  the  terminal  filaments  of 
le  auditory  nerve  arc  placed. 
Tbe  eseential  part  of  the  mochanlsm  of  hearing  is  the  anditor}'  ncnrc, 
hich  arises  from  the  anterior  wall  of  tbe  fourth  ventricle,  orihvnodi- 
^nd  then,  joining  the  facial,  passes  forward  upon  the  cms  cer-  ^"^^  "«f^^ 
pbelU ;  reaching  the  meatus,  it  divides  into  two  portions,  the  cocldear  and 
.vestibular  nerrea,  which  subdivide  again,  and  are  distributed  to  the  ves- 
Ic  and  cochlea  respectively  in  tbe  manner  hereafter  explained. 


mw  or  EXTEKXAL,  MIDDLK,  AXD  XimXSXJ.  KJUL 

^ig.  183 :  a,  a,  pavilion  and  external  auditory  canal,  or  external  cbi  •, 
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rfg.  isi  by  I^^Tnpaiiic  cavity,  containing  thctones; 

f,  hammer  and  iU  three  nitucles,  m, 
d,  internal  moscle,  lodged  in  the  tbidi* 
ncss  of  the  superior  wall  of  Eustadua 
tube,  and  bending  at  a  right  angle  to  be 
inserted  in  superior  part  of  handle  of 
hammer;  «.  anterior  muscle  of  hanuner; 
/^  external  mosclo  of  hammer;  y,  itittr 
rior  half  of  membrana  t ym{>ani,  holding 
the  handle  of  the  hammer;  A,  tube  of 
Eustachius ;  t,  internal  Cftr  or  labyriiilh. 


£zl«niftl.  inlildlc,  %a4  ialamU  car. 


.'r* 


TjmpttBle  nrltf. 


TTMTAniO  CAl-TTT,  ITS   DOX^ES,  MrSClJtB,  ASD  HERTBS. 

^j^.  184:  a,  hammer,  holding,  by  the  anterior  and  superior  part  ofitd 
/rn  M.  handle,  and  by  its  round  extremity,  i,  llie 

membrana  tympani;  c,  internal  muscle  of 
hammer ;  d^  stirrup  upon  fenestra  ovalis; 
e,  muscle  of  stirrup;  1,  facial  nerve,  com- 
^\*  inunieatiug  with,  2,  great  8U]>eHicial  pe- 
trosal, nnd,  3,  little  superficial  [xitroul; 
4,  chorda  tympani ;  5,  5,  nervous  twig  of 
internal  muscle  of  liammcr,  arising  frofl) 
motor  portion  of  fifth  pair,  and  traversing  otic  ganglion ;  6,  nervous  iw^, 
arising  Irom  facial  and  going  to  muscle  of  stirrup ;  7,  ganglion  of  Gasscr. 

DUOkAU  suuwiTto  Tns  rACUL  t»  rnK  aqceiil'ct  or  rALLortcs  asd  its  xxamtomouX 

J^iffASo:   1,  facial;  2,  nerve  of  Wrisbcrg ;  3,  petrosal  twig  of  \*idiui 
/V,.  isj.  nerve ;   4,  ganglion  of  ifeckcl ;  5,  liltle 

petrosal  of  Longet ;  C,  twig  of  muscle  of 
*"*  tJW  „-  stirrup;  7,  auricular  twig  of  Arnold;  8, 

chorda  t3'Tnpani,  cut ;  9,  ganglion  of  An- 
dersch ;  10,  nerve  of  Jacobson,  divided 
into  six  twigs,  viz.,  11,  twig  anastomos- 
ing with,  12,  carotid  plexus,  13,  twig 
anastomosing  with  great  superficial  pe- 
r.cw  In  thi«iiiedDrtorF.nopiuA  tj^^gal  (little  deep  petrosal  of  ^VrnoIJ),  14, 
little  superficial  of  Arnold,  uniting  witli  little  petrosal  of  Longet  to  form 
15,  a  common  trunk,  which  goes  to  16,  otic  ganglion ;  17,  twig  of  fenes- 
tra ^Munda;  18,  twig  of  fenestra  ovalis;  19,  twigoftubo  of  Kuslachiua. 
The  explanation  usually  given  of  the  functions  of  these  various  parts 
r<>inin<>Ti  by-  IS  as  follows :  The  waves  of  sound,  moving  through  the  at- 
ftlmHon  of  iho  'nosphcTC,  pass  down  the  exterior  canal  and  strike  upon  the 
Muditorypam,  mcrabranc  of  tlie  drum,  wliich  is  thrown  into  vibration  there- 
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lie  little  bon&s  which  form  a  chain  from  this  membrane  to  tlic  oval 
the  back  of  tlic  dnim  participate  in  tliis  movement,  and,  indeed, 
•trve  to  convey  it,  without  much  losa,  across  the  cavity.  It  is  coiisidcr- 
fcd  (bat  this  is  their  function,  since  it  muy  be  proved  experimentally  that 
Irave  sounds  going  through  sudi  a  solid  combination,  surrounded  by  at- 
tuOBpheric  air,  jm^s  willi  bat  very  little  los3  of  intensity.  Under  the  im- 
lolsefl  thas  commnnicatcd  to  it,  the  oval  membrane  commences  to  vi> 
;tx%  and  in  those  movc^mcnta  the  water  in  tiie  lahyrinth  joins ;  and  bo 
*  filamcntH  of  the  auditory  ncrvo  become  affected,  and  the  sensation  of 
x\  is  transmitted  to  the  bruin.  It  is  supposed  that  the  three  semi- 
lar  canals,  which  are  net  ut  right  ang-Ies  to  one  another,  as  it  were, 
pying  tiic  three  adjoining  faces  of  a  cube,  arc  for  the  puri>osc  of  do- 
ining  in  what  direction  the  sound  is  coming — whether  upward,  down- 
ird,  or  latcTolly.  lloreover,  it  is  believed  that  tlie  little  muscles  which 
te  on  the  n:enibrane  of  the  drum  have  the  duty  of  tightening  or 
kening  it  so  as  to  receive  the  sounding  waves  in  the  most  available 
,y. 

It  is  not  necessary  to  enter  on  a  lengthy  criticism  of  tliis  explanation. 
'hysiologistfl  have  long  regretted  that  it  assigns  no  uise  for  „  .^  . 
lanr  of  the  most  com}>licatcd  and  delicate  arrangements  con-  this  livpotlw- 

tod  with  tlie  car,  offers  no  explanation  of  the  manner  in  "^ 
rbich  that  intricate  organ  is  enabled  to  present  to  the  mind  the  various 
lions  of  sound,  and  is  inconsistent  wi.'h  many  of  the  facts  of  compar- 
ire  anatomy.     Indeed,  it  is  very  plain  that  a  tme  interpretation  of  the 
tion  of  the  different  regions  and  structures  of  the  cor  can  only  be  given 
•m  s  conjoint  study  of  the  physical  nature  and  properties  of  sounds,  of 
peculianties  of  the  soniferous  waves  which  it  is  necessary  proi^CTmodeof 
ILS  to  perceive,  of  tiic  comparative  anatomy  of  the  car  as  «''''»'"'"i?  » 
sented  in  all  tnocs  ot  lire ;  and,  since  there  must  be  a  cor-  ation  or  ibcM 
pondencc  among  the  lower  tribes — perhaps  we  might  have  ^'^^^^'^*- 
id  the  higher  too — between  the  organs  of  voice  and  the  organs  of  audi- 
m,  the  obscure  points  in  tlie  structure  of  the  latter  may  be  illustrated 
wltat  is  known  of  tiie  fomuT.     To  these  might  be  added  tlic  study  of 
embrj'onic  dcvcloinncnt.     It  is  by  tlio  aid  of  these  different  means 

I  pass  to  tlie  description  of  the  function  of  audition. 

What,  then,  iu^  the  physical  peculiarities  existing  in  tlie  waves  of 

und  which  we  actually  perceive?     They  are  tlicac  tlirec,  Throfl nhvulcil 

The  intensity,  that  is,  loudness  or  feebleness  of  tlie  pwiiii«riii«««f 

nnd;  2d,  Its  note  or  pitch ;  3d.  Its  (|uaUty;  for  two  sounds  *"""* ' 

the  same  intensity  and  note  may  differ  characteristically.     The  sound 

the  \'iolin  differs  from  that  of  the  flute,  and  this,  again,  from  that  of 

le  hnman  A-oicc.     Our  organ  of  audition  is  so  constructed  tlml  it  is  af- 

■Xed  by  each  of  these  peculiarities,  and  transmits  tUcm  lo  lUe  uvVwL 
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In  this  respect  xcc  may  speak  of  it  os  a  pcrfert  organ ;  for  all  mathptn; 
cians  who  have  written  on  the  subject  of  sound  agree  in  sotting  fonh  ilic 
.tliree  peculiaritiea  that  have  been  mentioned,  intensity,  note,  qotlitr.u 
the  grand  features  of  waves  of  sound,  and  this  upon  a  mere  abstract  dii- 
coasion  of  acoustics.  Now  tiicsc  tlirce  essential,  abstract,  or  thcoreticil 
peenlJarities  of  sound-waves  are  the  vorv  three  which  the  organ  of  Iittr- 
ing  seizes  U|>on,  and  so  we  arc  justified  in  saying  that,  in  this  respect,  il 
is  perfect  in  its  construction.  Premising  the  remark  tliat  mathenuQ* 
cinns  have  abundantly  proved  that  the  intensity  of  sounds  depends  npoa 
the  amplitude  ofexairaion  of  the  ^nbrating  particles,  and  the  pitch  or  note 
upon  wave  length,  I  shall  now  proceed  to  ofVer  some  arjjuments  in  proof  of 
the  proposition  that  the  triple  function  of  the  car  is  discharged  in  the  fbl* 

Fanctionofth*  '**^*'*&  ^'^7 '  ^^^*  That  the  drum  is  for  the  measurement  of 
dnin,  cochieii,  intensity;  2d.  The  cochlea  for  the  recognition  of  wave  length; 
*"   *"  3d,  The  semicircular  canals  for  tlic  appreciation  of  quality. 

I  shall  endeavor  to  show  that  tlic  car  is  not  a  homogeneous  organ,  as  tlie 
older  hyjTOthesis  supposed,  but  that  one  or  other  of  these  instnuncntit 
parts  may  be  absent,  and  with  it  will  disappear  its  special  function,  I'orti- 
f)ing  this  view  with  facts  presented  by  comparative  anatomy,  by  emliy' 
onic  development,  and  also  by  the  relations  of  the  voice,  and  showii^ 
the  |)ara]lcl  IxHwccu  the  structure  and  functions  of  the  ear,  tlie  organ  its 
normal  vibrations,  and  of  the  eye,  the  organ  for  transverse  ones ;  and  lift 
onaJogy  and  the  identity  of  their  embryonic  development;  that,  for !*■ 
stance,  the  drum  is  the  equivalent  of  the  iris,  and  the  coclilea  of  the  Jtf> 
ina  and  its  adjacent  parts. 

•  1st.  On  the  measurement  of  the  intensity  of  sound,  structure  oftlie 
tympanic  ca^-ity  or  drum,  and  its  functions. 

The  tjTnjMinic  cavity  or  drum  of  the  ear,  as  we  have  briefly  described, 
-,_  .  -  is  an  nir  canty  of  a  cvlindroid  and  flattened  shape,  in  the 
tb«  dnim  and  pctrous  portion  of  the  tem[X)ral  botie.  Outwardly  it  u 
luftiQcUons.  i)omided  by  the  membrana  tympani,  and  on  other  sides  by 
the  pctrous  bone  :  it  is  crossed  by  a  chain  of  bones,  tlirce  in  number,  tod 
named  the  malleus  or  hanimcr-bone,  the  incus  or  anvil,  and  the  stapes 
or  stirrup.  The  Knstachian  tube  affords  a  channel  of  communication 
from  the  interior  of  the  drum  to  the  pharynx,  iloreover,  there  is  a  com- 
munication with  the  mastoid  cells,  but  the  Eustachian  tube  is  the  only 
outlet  to  the  atmosphere.  The  whole  cavity  of  the  tympanum  is  lined 
with  mucous  membrane  and  ciliated  epithelium,  which  is  also  reflected 
over  the  bony  cliain.  Upon  the  inner  wall  of  the  tympanum  are  two 
chief  apertures,  the  fenestra  ovalis  and  the  fenestra  rotunda,  coch  dosed 
by  nienibranc.  The  cliain  of  bones  is  attached  at  one  end  by  the  han^ 
of  the  malleus  to  the  membrana  tjTnpani,  at  the  other  by  the  foot  of  the 
stirrup  to  the  membrane  of  the  feneetra  ovalis. 
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It  ia  to  be  rcmfirkcd  tliat  the  mcmLrana  tympant  is  placed  oLliqucly 

;  the  lx>ttoni  of  the  external  canal.     In  a  holiow  bony  cone,   Action  of  ike 

»ing  upon  t]ic  interior  -wnll  of  the  tynipunuin,  and  called  the  "^^o,7ym- 

pramid,  the  etapcdius  muscle  is  placed.     TJirougb  a  little  pAoi* 

ertturc  at  the  apex  of  the  pyramid  its  tendon  goes  out,  and  is  inserted 

h  the  neck  of  the  sta{>es.     Its  action  seems  to  be  to  make  pressure  on 

be  membrane  of  the  fenestra  ovaUs,  but  as  it  docs  this,  it  tilts  tlic  stapes 

■to  an  obli({Uc  ]x>silioii.     A  second  muscle,  the  tensor  lympani,  is  at- 

ched,  in  front  to  the  under  surface  of  tlie  petrous  bone^  and  U  inserted 

1  the  short  process  of  the  malleus ;  when  it  contracts  it  makes  tension 

K>n  tlic  mcrabrana  tjTiipani,  drawing  it  more  tightly  inward.     It  is  to 

i  especially  remarked  of  both  the^e  muscles  that  they  oru  voluntary; 

I  ia,  of  tlio  sttiatcd  variety.     Two  other  muscles  are  described  by 

oe  anatomislH,  and  have  beini  indicntetl  in  I'^i^^  183  and  13-1.     Their 

cistcncc  however,  is  disputed  by  otlicrs. 

In  the  opinion  of  Mr.  Toynbcc,  tlic  action  of  the  two  voluntary  mus- 
»  of  llie  ear  is  as  follows.  15y  the  tensor  t\Tnpani  the  Mr.Toyni>e«*» 
ae  of  the  stapes  is  pressed  inward  toward  the  vestibule,  as  vw«a.,rihtfao- 

.      .  1-     1  1  1  1  lion  of  tbo  Bta- 

ft  pistou  in  its  cylinder,  and,  as  soon  as  the  muscle  ceases  pviiiunnmhcii- 
act,  the  elastic  ligaments  which  attach  the  circuraferencc  '"'  '>»n^4iii. 
tho  \xise  of  tlie  stapes  to  timt  of  tlie  fenestra  ovalis  draw  it  out  again. 
lO  sUi[)CS  is  moved  by  two  nmscles,  tho  tensor  lymjmni  and  tlie  stapo- 
i::^,  it  being  commonly  sup{>osed  that  the  latter  aids  the  former  in  presa- 
the  stajws  inwoi'd,  but  he  shows  tliat  it  rotates  the  base  of  the  stapes 
withtlraws  it  from  t!in  cavity  of  the  vestibule.  This  may  be  dcmon- 
'atcd  by  pulling  the  6ta]>edius,  when  tho  fluid  iu  tlio  senU  vcstibult 
be  found*  to  move  correspondingly.  lie  therefore  asserts  that  the 
kpediud  ia  tho  antagonist  of  tho  tensor,  the  former  relaxing  dm  laby- 
thino  tiuid,  merobrana  rotunda,  and  membraua  tympani,  the  latter 
dcring  them  more  tense.  Agreeably  to  tiiis,  the  stftpcdius  is  supplied 
n  tim  |>ortio  dura,  and  iho  tensor  from  the  otic  ganglion.  This  cou- 
ction  might  lead  to  tlie  supposition  that  tho  tensor  afibrds  protection 
loud  sounds,  and  the  stapedius  enables  the  most  delic^itc  whimper  to 
hc«rd,  as  in  listening.  Together  they  regulate  the  amount  of  son o- 
vibrations  which  enter  the  labyrinth.  Uencc  tlie  effect  of  the  dc- 
ion  of  the  niembruna  tympani  ia  to  make  sounds  unendurable.  Iu 
lalioii  of  this  is  tjuoted  the  case  of  a  jmtient  who,  under  those  cir- 
tancest  could  not  bear  the  whistling  of  another  jiatient  in  an  adjoin- 
[],  and  the  obser^-ation  of  Chcscldcn  that  a  dog,  in  which  both 
\0s  tympani  had  been  destroyed,  for  some  tunc  recdved  strong 
with  horror. 

AV"e  shall  now  present  some  reasons  for  supposing  that  the  function 
ibc  lympaniun  ia  for  determining  the  tirst  properly  of  aou.ndu\^>>;a\t^ 
1  is.  their  intensity. 
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It  lias  been  proved  hy  the  experiments  of  Sarart  and  SluUfr.  tLat 
Of  the  drt<Tm-  wlicn  the  tension  of  tlie  membrana  tjinpani  13  increased,  so- 
lotaiSv  or'lL  "0"*^*  undulations  pass  with  less  readiness  through  it.  la- 
nifinjuKWAVtt.  deed,  tliia  may  Ije  vcxifietl  by  personal  experiment,  as  whtn, 
by  a  strong  effort  of  expiration  or  inspiration,  the  mouth  and  nostrib  be- 
iBg  closed,  wc  compress  air  into  the  tympanic  cavity  or  withdrew  it  ibaB- 
from  through  the  Eustachian  tube,  and  thereby  stretch  the  mcmbruii 
t^'mpani  outwardly  or  inwardly,  the  bearing  at  once  becomes  indistinct, 
and  sounds  are  enfeebled.  The  same  ensues  on  going  down  in  a  diving- 
bell,  or  sudderdy  ascending  in  a  balloon.  Of  the  former  eifect,  Xh.  Col- 
D„/^iQ,,{B  ,»,,  laden  gives  the  following  account  during  a  descent  in  a  dir- 
(Uvios^MJl.  ing-bell  at  Ilowth  in  1820.  *'We  descended,''  savs  lie, 
•'so  slowly  tliat  wo  did  not  notice  the  motion  of  the  bell;  but  as  torn 
as  the  bell  was  immersed  in  water,  wc  feJl  about  the  ears  and  forehead  1 
sense  of  pressure,  wliidi  continued  increasing  daring  some  minutes.  1  did 
not,  however,  experience  any  pain  in  the  ears,  but  my  companion  soffcred 
so  much  that  we  were  obliged  to  stop  our  descent  for  a  short  time.  To 
remedy  that  inconvenience,  the  workmen  instructed  us,  after  baWngcIosed 
our  nostrils  and  mouth,  to  endeavor  to  swallow,  and  to  restrain  oar  respi- 
ration for  some  momenta,  in  order  that,  by  this  exertion,  tlie  cxfemal  ur 
might  act  on  the  Kustachiun  tube.  My  companion,  however,  having  triei 
it,  found  himself  very  little  relieved  by  this  remedy.  After  some  minnla 
wc  resumed  our  descent.  My  friend  suffered  considerably :  he  was  paJei 
bis  li{is  were  totally  discolored;  his  ap|)earance  \sa^  thnt  of  a  man  on  the 
point  of  fainting ;  he  was  in  involuntary  low  spirits,  owing  perhaps  to  tbe 
violence  of  the  pain,  added  to  that  kind  of  apprehension  which  our  s'ltfOr 
tion  unavoidably  inspired.  This  appe-ared  to  me  the  more  remarkahle,u 
my  case  was  totally  the  reverse.  I  was  in  a  state  of  excitement  man- 
bling  tlic  effect  of  some  spiriluoiis  lirjuor.  I  suffered  no  pain.  I  expe- 
rienced only  a  strong  pressure  around  my  head,  as  if  an  iron  circle  hid 
been  bound  about  it.  I  spoke  with  the  workmen,  and  had  some  difi* 
culty  in  hearing  them.  This  ilifficulty  of  hearing  rose  to  such  a  heigM 
that  during  three  or  four  minutes  I  could  not  hear  them  speak.  I  couU 
not,  indeed,  hear  myself  speak,  thougli  I  spoke  as  loudly  as  possibly 
nor  did  even  tlie  great  noi^c  caused  by  the  violence  of  the  current  agaiwt 
the  sides  of  tbe  Ix?ll  reach  my  ears." 

Under  natural  circumstances,  a  stretching  of  the  membrane  inwanflj 
Action  of  the    **  accomplished  by  the  contraction  of  llie  tensor  lympani  m»* 
imiwlwi  frf the  cle,  the  stapedius  holding  tight  contemporaneously  on  tht 
loop  of  the  stirrup,  and  preventing  disturbance  of  popiti«i  of 
chain  at  that  end,  and  hindering  any  outward  bulging  of  tb^ 
•atm  ovalis.     AVhen,  therefore,  the  soniferons  ««* 
cmbrana  tjTu^iani,  they  tend  to  throw  it  into  ribra- 


lymiMoum. 


I 


I 


lion ;  tlio  tensor  tympanl  contracts  to  such  an  extent  as  to  trlng  the 
membrane  to  a  standard  of  tension,  and,  since  tliis  muscle  is  of  the  vol- 
untary kind,  the  mind  judges  of  the  degree  offeree  whidi  is  required  to 
produce  that  result  just  as,  when  wc  lift  iVom  the  ground  bodies  of  dif- 
ferent weights,  wo  judge  with  a  certain  precision  of  the  degree  of  force 
necessary  to  he  put  forth.  The  condition  of  contraction  of  the  tensor 
^rmpani  therefore  enables  the  mind  to  measure  the  intensity  of  the  sound- 
ing waves. 

But  this  muscular  contraction  ia  strictly  a  reflex  act,  and  is  therefore 
pteccdcd,  as  all  such  acts  are,  by  an  impression.  That  impression  is 
made,  as  wc  shall  presently  find,  primarily  on  tho  auditory  nerve.  But 
since  these  reflected  acts  aro  not  sensory,  the  mind  has  no  knowledge  of 
the  effect  impressed  In  this  rcs]>cct  upon  the  auditory  nerve,  and  only  be- 
comes scnaiblo  of  it  in  an  indirect  way,  through  tho  contractions  which 
have  enaued  iu  tlie  tensor  tynij>ani  uiustdc. 

In  this  view  of  the  case,  the  use  of  the  Kustachiiin  tube  becomes  ob- 
Tioas;  it  is  to  form  a  ready  passage  for  the  air  inwnnlly  or  iVoftheEut- 
oatwardly,  so  that  no  condensation  or  rarefaction  shall  occur  '«'^''**»  '■**• 
within  the  t^^npanic  cavity;  for  such  rarefactions  and  condensations 
would  disturb  llie  action  of  the  contracting  muscle,  and  makt-  it  yield  a 
false  estimate.  Besides  thii;,  the  Kustachian  tube,  as  has  long  been 
known,  affords  an  outlet  for  mucus. 

In  the  explanation  hero  presented,  tlio  function  of  tho  ossicles  ia  rather 
ibr  the  purpose  of  tension  than  of  conduction,  though  it  is  Funciioaofthc 
not  denied  ihiit  sounds  may  pass  readQy  along  tlicm.  They  «''»"^'«»- 
are  to  be  r^arded  as  aiding  in  the  peri'ection  of  auditory  perccjUions,  but 
yet  not  as  being  absolutely  essential  to  the  appreciation  of  sounds,  or 
even  of  their  finer  modifications.  "Whatever  affects  the  facihty  of  vibra- 
tion of  tho  mcmbrana  tympani,  such  as  its  tliickcning,  or  sttflcning,  or 
unusual  dryness,  will  render  the  hearing  dull,  but  the  membrane  itself 
may  be  jicribratcd,  or  c%cn  undergo  extensive  lesions,  without  any  appar- 
ently corresponding  cflcct.     But  if  the  stapes  be  injured  or  be  removed, 

fncss  is  at  once  the  residt. 

There  is  nothing  remarkable  in  the  precision  with  which  the  contra©- 
tions  of  the  two  muscles  whicli  stretch  the  membrane  of  the  pn-Hntotiino*. 
drum  arc  made.     The  same  precision  is  illustrated  in  the  ti"'»t'''(:'h« 
case  of  luc  muscles  which  adjust  the  vocal  cnrdi*.      i  he  state  the  Bmiitory 
of  these  may  be  determined  to  the  ^  .ji^^  part  of  an  inch.       "»<*«'«• 

It  might  pcrliaps  be  inquired.  Why  sJiould  not  tho  function  of  determ- 
ining the  intensity  of  sountls,  as  well  as  their  wave  lengtli,  be  imputed 
directly  to  the  auditory  nerve?  It  ia  with  the  ear  as  with  the  eye,  the 
mechanism  for  determining  wove  len<^th  can  only  act  witli  uniformity 
when  the  ^n^^n  be  measured  is  reduced  to  a  standard  intensity. 
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bright  ligbt  falling  upon  the  eye  liriugs  on  a  contraction  of  tlic  papiL 
And  so  with  tltc  car.  A  partial  dcal'cning  must  be  established  to  adjast 
the  intensity  of  sound,  llmt  tlie  auditory  nerve  may  set  under  sloudorj 
circumstances.  The  primary  impression  therefore  made  ujion  that  ncrro 
by  the  loudness  of  sounds  is,  so  to  speak,  consumed  by  being  cou\-crted 
as  a  refiex  act  into  motion,  because  there  is  a  necessity  tliat  the  tensor 
and  stapedius  should  move,  and  retlex  acts  do  not  aficct  the  mind,  hot 
it  instantly  |)eroeivcs  the  condition  of  contraction  of  those  muscles,  awl 
60  estimates  the  intensity  of  the  sound. 

2d.  On  the  measurement  of  ivave  length,  or  time  of  vibration  of  sonnds. 
Structure  of  tho  cochlea  and  its  functions. 

The  structure  of  the  cochlea  is  so  significant  that  its  true  function 
Stmctofoof  has  l>een  long  ago  more  or  less  distinctly  recognized.  Thus 
tlM  cocblea.  j)^.  Young  speaks  of  it  as  a  micrometer  of  sound.  iUny 
physiologists  regard  it  as  determining  the  note  or  pitclu  -Vny  one  wbo 
remarks  the  gradually  decreasing  width  of  its  spiml  lamina,  aad  the 
manner  in  uhidi  the  ultimate  tilamenls  of  the  auditory  ncn'c  arc  spivai 
thereon,  becoming  shorter  and  shorter  as  they  ascend  the  scale — who  re- 
calls the  structure  of  tlic  hnrp,  or  gradually  shorter  strings  of  the  piano- 
forte, could  scarcely  fail  of  being  impressed  with  tlie  trutli  of  this  coi;>_!;i- 
&ion»  The  function  of  the  cocidca  is  the  determining  of  wave  l(-n^:ii, 
lliat  is,  the  lime  of  vibration  or  note  of  sounds. 

The  coclilca  has  been  described  as  reacmbling  a  snail's  shell  in  appeu^ 
rnce.  It  is  a  conical  tube,  wowid  spirally,  and  making  two  and  a  half 
turns.  Tiie  interior  of  this  conical  and  Kpirally^^rinding  tube  is  divided 
throughout  it-^  length  into  two  portions  by  means  of  a  transverse  parti- 
tion, which,  following  the  spiral  winding  of  the  tube,  has  had  the  name 
of  lamina  spiralis  bestowed  on  it  The  two  partitions  produced  by  tbe 
^,  .      intervention  of  this  liunina  are  called  scaLi  r<>stibuU  and 

Tlie  iwo  Kmiaa.  -  »        i  •  j*     i       t    »■        i 

scahi  tympani.  At  the  top  or  pomt  of  the  helix  tlie  two 
scahe  commnnieatc  tlirougli  a  little  hole^  from  the  cessation  of  the  lamina 
spiralis.  To  tliis  ojxjning  or  deficiency  the  name  of  helicotrcma  is  gi\-en. 
Considering  t!ie  two  scahe  as  separate  tubes,  their  mouths  open  differ- 
mtly;  the  scnla  vestibuli  opens  into  the  vestibule  of  the  labyrinth,  aud 
wc  may  thcre/orc  regard  the  membrane  of  the  fenestra  ovaiis  as  being 
virtually  its  boundary  or  closure,  but  tho  month  of  tlie  scala  tympani  ia 
against  the  fenestra  rotunda,  and  ia  closed  by  tlio  membrane  of  that  Kpe^ 
ttire.  As  their  names  therefore  indicate,  the  scala  vc3tibuU  opens  into 
the  vestibule,  and  the  scala  t^-mpani  into  the  tympanum. 

Passing  directly  through  the  body  of  the  cochlea,  and  being,  as  it 
Iiitrodoetion  ^'^^^i  ^^^  ^^re  Upon  which  that  structure  is  bnilt,  is  o  hony 
oribflftudiiory  conc.  Called  the  modiolus.  Indeed,  tho  bony  part  of  the 
"""*''  transverse  plate  which  separates  the  tube  of  the  cochlea  into 
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two  scalffi*  might  be  regarded  as  a  spiral  process  of  llie  modiolus, 
brougli  ilie  motliolns  and  its  spiral  jjroccsa,  or  lamina  spiralis,  tJie  au- 
tary  nerve  gains  access>  tlirouglx  suitable  clianncls,  to  iJie  interior  of 
0  scabs. 

JFig*  186,  interior  of  the  cochlea,  rendered 
visible  by  the  removal  of  half  of  the  outer  wall: 
fl,  a,  lamina  spiralis,  turning  by  its  inner  edge, 
h,  aroun<l  the  axis  of  the  coclilca;  o,  iiifundib- 
ulum  ;  f/,  aperture  of  communication  between 
two  scalie;  ^,  ^  section  of  the  outer  wall; 
/,y,y,  inferior  or  tympanic  scala;  y,  jp,  g^  su- 
pciior  or  vestibular  scala. 

I'lg.  187,  section  of  the  cocliica  in  the  direc- 
tion of  its  axis :  a,  canals  of  the  axis,  or  of 
tlio  columella,  for  the  passage  of  the  v:iscular 
ami  nervous  ramitications;  6,  infundihulum ; 
c,  Imisc  of  the  modiolus,  or  columella ;  </,  rf,  rf, 
section  of  spiral  lamina ;  <?,  e^  f,  section  of  tlie 
outer  wall;  f^/^ft  inferior  scala;  /?,  j?,  superior 
sea  la. 

lit  la  necessary  to  understand  the  structorc  of  the  lamina  spiralis  more 
irticularly.  As  we  have  said,  it  divides  the  helical  tube  into  tIio  Bpiral 
letwo  sc'ila;  by cxtcndingtransversely  across  it    Its  bony  por-  ^^>^<^ 

rdocs  not,  however,  extend  more  tlian  about  one  tliirdof  the  di<4tancc, 
rest  of  it  being  made  up  in  part  of  a  delicate  membranous  portion, 
id  completed  by  a  muscular  structure ;  so  that,  if  we  consider  the  1am- 
iei  spiralis  at  any  point,  the  region  of  it  near  the  modiolus  is  bone,  the 
IcTmediatc  portion  membranous,  and  the  residual  is  muscular.  Or, 
Bsideiing  the  lamina  spiralis  in  tiie  aggregate,  we  might  sny  that  it 
usistfl  of  a  helix  of  bone,  membrane^  and  muscle.  To  the  muscle  the 
Imc  of  the  cochlcaris  is  given.  Its  obvious  function  is  to  tighten  the 
embranous  region,  Moreover,  considered  thus  in  the  aggregate,  the 
mina  spindis  is  a  triangular  plate  wound  round  upon  a  central  conical 
ire,  and  which,  tlicrcfore,  is  broadest  at  the  base  of  the  cochlea,  and 
jldually  tapers  off  toward  the  apex.  It  is  to  be  understood  that  the 
ichlea,  like  all  other  jxirtlons  of  the  labyrinth,  is  filled  with  water. 
Upon  the  spiral  laminii,  issuing  forth  through  its  bony  portion,  ore 
^ced  tbe  ultimate  filaments  of  the  auditory  nerve.  These,  having  cast 
t  ihcir  white  substance,  come  into  relation  with  elongated  vesicles, 
id  are  thus  distributed  upon  tlie  membranous  portion,  the  membrane 
(ing  kqrt  tiniformly  tense  by  the  action  of  the  cocldcaris  muscle. 
\'^^'J'  1H8,  p.  370,  section  of  tlic  cochlea  through  its  axis,  magnified  four 
;tera»  and  showing  the  cochlear  branch  of  the  auditor^'  ncn'C)  ac- 
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cotnpanicd  by  some  vascular  runifica- 
tions  across  the  conduits  of  the  colu- 
mella to  the  epiral  lamina. 

J''iff.  1 89,  section  of  the  cocbltia,  inag- 
niHcd  six  diameters,  to  show  the  dis- 
tribution of  tlie  cochlear  branch  of  tho 
nuditon'  nerve  from  its  perforation  of 
the  columella  to  its  termination  on  the 
s}~>iral  lamina. 

/7^«.  190,  191,  showing  the  middle 
and  internal  car  hy  a  section  of  lib 
superior  face  of  the  petrous  bone,  and 
principally  the  entire  distribution  of 
the  auditory  nerve :  a,  fi  hammer, 
holding,  b,  b,  0,  its  internal  muscle;  c^ 

JTipiIBfc 
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rsff.  iDo.  c,  c,  its  anterior  muscle ;  and,  rf,  iu 

external  muscle;  e,  e,  an^-il;  /, len- 
ticular bone :  ff>  stimip ;  A^  musdc 
thereof;  i,  chorda  tjnnpnni ;  j,  I*- 
cial  norrc,  receiving,  l\  great  su- 
r.>.  191. 
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perfieial  petrosal ;  Z,  coctdca  ;  ?n,  auditory  ner>-e;  n,  its  cocIJear  branch; 
and,  0,  its  vestibular  branch,  furnishing,  j?,  brancli  of  posterior  vertical 
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J,  branch  of  saccvUus ;  r,  branch  of  utricle  j  *,  branch  of  horizon- 
canal  ;  ^  U  brancti  of  superior  vertical  canal. 
Wc  proceed  now  to  the  consideration  of  the  functions  of  the  cochlea. 
The  principles  of  acoustics  would  lead  us  to  infer  that  sounds  entering 
5  cocKlea  throw  into  vibration  its  spiral  lamina,  an  inference  KuiKiiftnuof 
pjch  is  supported  by  anatomical  considerations  in  rcgaixl  to  <J«  t^<»^i»ie*- 
position  and  function  of  ihc  coclilcaris  muscle  in  keeping  tl»c  mcm- 
lons  portion  of  the  lamina  at  a  duo  degree  of  tension.  We  should 
infer  that  each  external  sound  does  not  throw  the  lamiiui  into  vi- 
ition  througliout  its  wliolc  length,  but  only  on  a  special  and  eorrc- 
bnding  j)oint,  and  thereby  afTocts  solely  tlie  iilanicnt  of  the  auditory 
re  in  connection  with  that  point ;  that  sounds  which  arc  low  will  act 
n  the  broader  portions  of  the  membrane,  near  the  nioutli  of  the  coch- 
nnd  those  which  are  high,  the  narrower  portions  near  tlie  apex.  In 
respect,  therefore,  tlie  function  of  hearing  should  liave  two  limits, 
|c  for  low  and  the  other  for  high  notes,  as  experience  proves  to  us  is 

Eually  the  case ;  bat  possibly  the  scale  is,  so  to  speak,  enlarged  through 
I  various  degrees  of  tenseness  whicli  may  l>e  given  by  the  contractions 
'  the  cocldcaris  nmsclc.  A  general  idea  of  the  nature  of  this  limited 
liration  may  l«j  obtained  by  recalling  tlie  effect  which  is  Ptiy«Sr»i  iiioi- 
toduced  when  one  musical  instrument  is  played  in  the  vi-  i7uin''?n*fiiif* 
hity  of  another,  as  when,  for  example,  a  flute  is  played  cochlea. 

tr  to  n  piano-forte,  the  strings  of  the  latter  are  thrown  into  sympathetic 
ration,  and  the  piano  emits  a  note  answering  to  each  note  of  the  tiutc. 
|1  the  strings  arc  not  thrown  into  vibration  at  once,  but  for  each  note 
f  the  flute  that  string  of  the  piano  vibrates,  tlie  length  and  tension  of 
|iich  arc  duly  adjusted.     The  same  thing,  again,  may  be  seen  when 

tiical  sounds  are  originated  near  a  stretched  membranet  the  surface  of 
ch  has  been  dusted  over  with  grains  of  dry  sand.  The  whole  sheet 
(the  membrane  is  not  east  mto  vibration  at  once,  but  some  parts  move 
id  sonic  remain  at  n*st,  and  so  tlic  sand-grains  dance  up  and  down  on 
e  ^-ibrating  parts,  and  soon,  being  cast  tiicrcfrom.  Accumulate  on  the 
bts  that  are  stiH,  and  mark  out  wliat  are  termed  nodal  hnes.  These 
hdal  lines,  or  phtccs  which  are  motionless,  are  frequently  of  remarkable 
fenplexity  and  symmetry,  as  may  be  seen  from  the  figures  of  thera  given 
I  any  of  the  books  on  natural  philosophy. 

ilt  is  immaterial  in  what  manner  the  sound  has  reached  the  cocldco, 
betlier  through  the  auditor)*  canal  or  through  the  bones  of  „  - 

|B  skull  generally;  the  cfTcct,  as  far  as  the  spiral  lamina  is  wuctstotbo 
bcenicd,  will  be  the  siune  in  Ijoth  cases.     That  sounds  can         ^*' 
ciently  reach  the  auditory  nen^c,  and  produce  thercnpon  their  proper 
ct,  without  ever  having  passed  through  the  auditory  canal  or  the  drum, 
Qonifcstcd  by  «  great  many  familiar  facts.     We  still  CQW\\wafc  V^jXyewi 
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distinctly,  though  not  so  plaiiJy,  when  the  external  canal  is  closed  by 
Bonio  obstruction — nay,  even  when  the  sound-giving  object,  as  &  watcb, 
is  put  into  the  moutii.  So  it  would  appear  that  the  fuuction  of  llio  coch- 
lea is,  in  a  certain  sense,  independent  of  the  dram,  though  vre  hare  to 
admit  that,  for  the  precision  and  perfection  of  hearing,  the  latter  is  no 
essary. 

In  the  view  here  presented,  1  consider  that  each  external  musical  note 
Tbo  cochlea  causes  a  special  portion  of  the  spiral  latniiia  to  vibrate,  an^ 
Umo^lSii-  *^*  ^^^  particular  nerve  fibril  supplying  tliat  portion  is  af- 
tioD  of  Maud*,  fected  thereby,  and  tlius  a  distinct  sensation  is  conunoni- 
cated  to  the  brain,  the  nerve  fibrils  to  the  right  and  left  of  the  one  af- 
fected lying  at  rest.  It  may  probably  be  that  tlie  denticulate  structttre 
described  by  Drs.  Todd  and  Bontnan  has  fur  its  duty  the  more  pex&d 
production  of  this  isolated  eficct,  or  that  the  teeth  thereof  act  like  the 
dampers  of  a  musical  inslruincnt,  and  restrain  the  vibration.  Notes  lb 
wave  length  of  which  is  great,  or,  what  is  the  same  thing,  the  times  of 
the  vibrations  of  which  arc  long,  affect  those  portions  of  the  spiral  lamini 
whidi  arc  broad  and  near  to  tlie  base  of  the  cochlea,  but  notes  whose  wit 
lengths  ore  short,  and  times  of  vibration  correspondingly  brief,  i&ct 
those  portions  near  to  the  apex.  Itut  probably  the  scale  is  changed,  ie 
before  said,  by  the  tension  of  the  cochlcaris  muBclc,  mid  thus  the  smt 
part  of  the  lamina  can  take  cluurgc  of  a  range  of  many  octaves. 

It  may  be  inquired  how  it  is  that  a  sound  passing  through  the  >aili* 
TImmaIn  tin  ^^^  canal,  the  bones  of  tlie  tympanum,  the  membrane  of  the 
u  laterftKnci  fenestra  oralis,  and  thus  affecting  tts  destined  jKirtion  oftbe 
"  lamina,  docs  not  give  rise  to  on  idea  in  tlie  mind  of  repdi- 

lion  or  reverberation  by  moving  back  and  forth  through  the  two  sciie, 
and  affecting  its  proi)cr  ncnc  fibril  ut  each  possngc.  Is  there  not  a  »• 
cessity  for  the  existence  of  some  mechanism  of  interference  which  shall 
destroy  the  wave  after  it  has  once  done  its  work?  Admitting  tlie  foM 
of  such  inquiries,  wc  can  not  avoid  being  impressed  with  the  Cict  tiat 
the  two  Bcahc  into  whicli  the  cochlear  tube  is  divided  present  all  the  »a- 
pcctsofa  mechanism  constructed  for  the  discharge  of  snch  a  duty.  For 
interference  to  take  place  among  undulations  of  any  kind,  waves  apan 
water,  sounds  in  tlie  air,  or  the  ethereal  undulations  which.  constitatch^U 
the  essential  condition  is  that  they  shall  run  throngh  paths  of  uneqW 
length,  the  inequality  being  one  of  n  scries  of  numbers.  They  must  ah* 
be  brought,  for  a  full  practical  effect,  to  their  common  point  of  eacosstc 
under  a  verj*  acute  angle,  and  these  conditions  are  represented  in  tic 
Bcala  Tcstibuli  and  the  ecala  tympani,  which  are  of  unequal  length,  placc'^ 
at  such  an  acute  angle  to  one  another  that  they  might  almost  be  said  (■> 
be  parallel,  occupied  by  a  tluid  of  the  same  density,  and  tlut)Ugh  both*' 
the  same  moment  are  passing  the  undMiotUius  whicb  constitute  the  sun* 


FUNCTION   OK   THE   COCHLKA. 

onr  having  licen  coinimmicaled  hy  tlic  fenestra  ovalis,  the  otlicr 
i  the  fenestra  rotumla,  tlieir  common  jioiiit  of  convergence,  and 
I  of  mutual  destruction,  being  at  the  heHcotrcmOf  tlic  aperture  at 
X  tUrougb  whicli  tliey  intercommunicate  Nor  can  we  fail  to  Iw 
by  the  circumstance,  if  this  explanation  of  the  function  of  the 
e  correct,  in  what  an  admirable  manner  the  whole  in-   ^^^.  ^- 

at  is  provided  with  sclt-adjusting  power,  since,  when  tiic  Imjrib  of 
mp  forces  in  the  membrane  of  the  fenestra  ovalis,  the  '  '* ""  *' 
e  which  is  communicated  through  the  water  pushes  out  the  mem- 
■f  the  fenestra  rotunda,  and  thereby  the  rchative  length  of  the  two 
laa  cliangctl,  the  one  having  become  longer  by  as  much  as  tlio 
did  become  shorter,  an  Adjustment  necessary  to  bring  about  total 
ence  at  the  helicotrema.  ^Vnd  wo  might  add  that  Buch  a  con- 
m  is  all  the  more  interesting,  for,  since  it  is  the  intensity  of  the 
Ihiit  is  to  be  destroyed,  reliance  is  Iiad  upon  the  intensity  instru- 
he  drumi  to  produce  that  effect,  and  it  is  done  by  the  contractions 
tensor  tnnpani  and  stapedius  muscles.  Perhaps  the  perfect  ao- 
dunent  of  tliis  interference  is  the  standard,  to  wluch  allusion  has 
ade  before,  by  which  the  raind  judges  of  the  power  which  Iiaa  been 
th  by  those  mnselcs,  and  thereby  of  the  intensity  of  the  sound. 
a  the  comparative  anatomy  of  the  cochlea  and  the  character  of  tlic 
rgans,  M.  Duges  formerly  came  to  the  conclusion  that  ^^^  umivo 
iblca  has  for  its  function  the  dctennining  of  the  pitch  uiMiorajrorthe 
kds.  In  man,  whose  vocal  po^rers  are  most  varied,  it  "^  "^*- 
in  tlie  highest  perfection ;  in  birds,  whose  vocal  powers  are  more 
ed,  it  is  reduced  to  a  abort  and  slightly  cun'cd  tube,  liut  still  di- 
ly  a  longitudinal  septum ;  in  reptiles,  it  exists  only  in  a  rudiment- 
te. 

necessar}' existence  in  the  ear  of  some  mechanism  for  the  purpose 
cnting  reverberation  or  repercussion  has  long  been  recognized 
y  writers  on  acoustics  and  by  physiologists.  Thus  an  exphtna- 
the  functions  of  the  semicircular  canals  and  of  the  cocldca  upon 
inciple  is  given  by  Dr.  I^^get,  in  liis  Bridgewater  Treatise;  and, 
manner,  Professor  Jackson,  of  Philadelphia,  has  for  8e\'eral  years 
a  similar  doctrine  in  his  lectures.  Since  1840, 1  have  in  my  pub- 
arcs  presented  the  c?:planntion  given  in  the  preceding  paragraphs- 
re  essentially  from  that  of  my  friend.  Professor  Jackson  (of  which 
'  statement  may  be  found  in  Dr.  Smith's  edition  of  Carpenter's 
logy,  PliUadelphia,  1855),  in  this,  that  it  limits  the  acconiplish- 
f  interference  to  the  cochlea.     The  view  which  I  entertain  rcspoct- 

fcction  of  the  semicircular  canals  will  be  immediately  set  forth : 
appear  to  me  that  they  are  in  any  way  connected  with  the  in- 
ice  mechanism. 
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3d.  Oti  the  determination  of  the  quality  of  sounds,  tiie  stractnre  of  tl« 
semicircular  canals,  and  tiicir  function. 

The  semicircular  canaU  arc  cylindroid  tubes,  developed,  as  it  vert, 
Structuroof  the  ^"^^  ^^^  vcstibulc,  and  of  a  figure  which  has  suggested  their 
MtnU-ircuiu  oamc.  They  arc  three  in  number,  and  plaocd  at  right  tafjiia 
*"*'^  to  one  another :  two  of  them  arc  vertical,  the  third  hoiixoa- 

ial ;  they  all  open  into  tlic  vestibule,  the  adjacent  branches  of  two  of 
them  coalescing  first.  On  one  of  the  brandies  of  each  of  them  tlicrc  is 
a  dilatation  just  before  it  joins  the  vestibtde;  to  tliis  dilatation  the  des- 
ignation of  ampulla  ia  given.  The  vestibule  of  the  labvrinth  may  then- 
fore  be  regarded  as  the  common  mouth  of  the  semicircular  canals,  and  of 
the  scala  vestibuli  of  the  cochlea ;  or,  considering  its  order  of  devdop- 
mcnt,  the  vestibule  may  be  n^rdcd  as  tlus  essential  portion  of  the  lah- 
yrintli,  and  the  semicircular  cauuls  and  cocldea  appe:idiccs  that  hxK 
branched  forth  &om  it. 

The  vestibule  and  Beroicircutor  canals  are  lined  with  a  menibraiie 
whicli,  of  course,  copies  their  shape,  yet  it  is  not  in  contact  with  tlieir 
bony  walls,  but  is  parled  therefrom  by  a  stratum  of  water,  to  which,  u 
Las  been  said,  the  name  of  perilymph  is  given ;  their  interior  is  also 
tilled  with  a  liquid — the  endolymph,  it  is  called.  The  bony  structure  ia 
called  the  bony  labjTinth ;  this  structure  is  the  membranous  labyriulh- 
A  portion  of  the  auditory  nerve  divides  into  three  main  branches,  vhidi 
present  themselves  for  the  supply  of  the  ampulla;:  the  brush-like  termt- 
uatious  of  these  arc  accommodated  with  an  otolith. 
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ILLUSTRATIONS  OF  LAliYRINTH  OF  LEFT  SIDE. 
rxTcasAL,  on  mtrxxK  rics  or  uuiTBUrni. 

J^'iff,  192 :  a,  external  wall  of  vestibule,  on  wliicl 
is  seen,  &,  fenestra  oval  is  ;  f?,  fenestra  rotoiKU. 
and,  </,  tract  of  the  facial  nerve ;  c,  superior  semi- 
circular  canal ;  /*,  posterior  semicirctilar  canal ;  g. 
horizontal  semicircular  canal ;  t,  t,  t,  wall  of  coch- 
lea ;  y,  aqueduct  of  cocldea ;  X:,  portion  of  pcttotti 
bone. 


F^lM. 


Crtntttl  Atea  of  th«  Ubyrin  h. 

cuJar  canal. 


tSTEKXAL,  OB  CKAlClAt.  FACB  OF   LADTKrCTH. 

J**iff.  193 :  a,  internal  wall  of  vestibule ;  b,  aqniy 
duct  of  vestibule ;  c,  base  of  cochlea  ;  d,  aquednct 
of  cochlea;  ^,  ^,  conduit,  at  tlie  bottom  of  which 
are  several  holes  for  the  passage  of  facial  and  M- 
ditoiy  nerves;  ffj  superior  semicircular  canal;  K 
posterior  semicircular  canal ;  i,  horizontal  semidr- 
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UtTBltinR  or  bABTRCnH,  BEEX  OS   1TB  CXTEaXAt  OK  mtTAXIC   TACB. 


/V>I>^ 


jiMrior  fltf  lafafrtnib, 


J'^ff,  194:  fl,  vestibule,  into  wliich  open  the  sctni- 
cii-cular  conola  by  five  orifices,  and  the  vcsllbular 
scola  of  tiic  coclUca ;  &,  ^,  section  of  the  wnll  of  the 
cochlea  ;  c,  c,  bony  portion  of  Bpiral  lamina,  dividing 
the  conoid  cavity  of  the  coctdea  into  scola  vcstibuli 
and  seala  tympani ;  rf,  orifice  at  summit  of  cochlea. 


lyTEKIOB  or  LADVUIMII,  BCCM  OK  Iftt  lyTCBSAL  OK  CRANIAL  TACB. 

J^iff.  195:  «,  vestibular  cavity,  into  which  open  the 
cantics  of  the  semicircular  canals  and  the  cdfldcar  cav- 
ity ;  by  bottom  of  internal  auditory  canal,  answering  to 
base  of  cocJdea,  and  partly  to  intenial  wall  of  vestibule; 
r,  Riniplo  turanicn  for  facial  nen*e;  d,  many  openings 
■riar^rubTTinUL.     (^^  auditory  nerve. 

n»e  explanation  nsually  given  of  the  function  of  the  semicircular  ca- 
s  is,  that  they  serve  to  determine  the  direction  of  sounds,   (,^(,,.5,^  ^^^ 
ide;i  whicli  Iiaa  arisen  from  their  remarkable  rectajigular  tijo  mijUm- 
ition.     However,  this  is  accomplished  in  almost  all  cases  ^jj""^^*,^^ 
directing  the  external  canal  toward  the  point  from  whicli  funttlou  of  tho 

sound  is  coming,  and  judging  of  its  place  by  the  varia- 
IS  of  its  intensity.     Animals  commonly  direct  the  external  oar  toward 

Bonnding  point,  guided  doubtless  in  the  same  way.     Some  physiolo- 
ta  have  restricted  the  use  of  the  semicircular  canals  to  the  collection 
;hose  sounds  which  sti-ike  upon  the  skull,  but,  besides  the  preceding 
siderations,  there  are  others  derived  from  comparative  anatomy  which 
m  to  indicate  tliat  tliis  can  scarcely  be  their  duty. 
Che  intensity  of  soiuids  is  judged  of  by  (ho  tympanum ;  their  pitch 
wave  length  is  determined  by  the  cochlea,  and  tiicrefore  Thrrarefor 
re  arises  a  strong  pn-aumption  that  the  semicircular  ca-  *^"i,"!'j^ 
B  iDtist  have  the  function  of  distinguishing  the  third  char-  wuiiJ», 
sristic  of  Boumls,  that  is,  their  quality;  since,  if  this  be  not  the  case, 
re  seems  to  be  no  other  portion  of  the  auditory  mechanism  to  which 
t  oiBco  could  bo  assigned. 

The  suspicion  which  we  arc  thus  led  to  entertain,  that  the  seniicircn- 
canals  arc  for  appreciating  tlic  quality  of  sounds,  is  strcngthcncil  in 
common  degree  by  facts  of  comparative  physiology.     Unfortunately, 

know  so  little  of  the  mechanical  [)ccutiarity  on  which  distinctions  of 
dity  depend,  that  we  arc  wiioUy  unable  to  trace  out  the  structural  cou- 
iooa  of  an  organ  which  slioidd  be  calculated  for  seizing  on  them.  Wc 
)W  that  the  quality  of  a  note  emitted  by  a  violin  is  different  from  that 
by  a  tlute,  though  the  intensity  and  pitch  may  be  tlie  same,  but 


^te(l  by  a  tlute. 
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we  can  not  tell  why.  In  llie  c.iac  before  us,  we  tberefoFo  c 
ossUlunce  in  the  way  of  argmiienta  from  mcclianical  philosophy,  and  an 
limited  to  the  use  of  ihase  which  may  be  drawn  from  comparative  anat- 
omy and  physiology. 

Examining,  thcrcibrc,  what  appears  to  be  tlio  primitive  plan  of  tho  con- 
Mltutmitoa  of  struction  of  this  mechanism,  we  find  it  to  consist  of  a  nerre 
ihuexH""*-     fibril  in  connection  with  an  otolitli,  or  httle  stony  body. 

tioo  from  com-    „,  '-iii-i  .•  ' 

ftanttivo  annu  onch  a  coiistnicliOD,  uiclnUed  in  a  bag  of  water,  constitutes, 
"•">'•  in  ]K)ijit  of  fact,  tlie  organ  of  hearing  of  some  of  the  lower 

tribes,  as  the  gaateroi>odous  molluscs.  These  animals  can  have  no  po^ 
ception  of  the  pitch  of  sounds  or  musical  notes,  and  only  an  imperfect  oav 
of  intensities.  But  what  they  do  distinguish  is  one  noise  irora  anotheb 
Now  tite  idea  conveyed  to  the  mind  by  dificrcnce  of  noises  U  prociaab 
the  distinction  that  we  arc  dwclHng  on,  tliat  of  quality. 

If,  instead  of  restricting  oar  examination  to  the  semicircular  canals,  «e 
Gtnen\  vi«w  ex**"^  i'  ^0  the  whole  organ  of  hearing,  and  conaido"  tt- 
of  ih«  Audituiy  gcthor,  in  the  case  of  eacli  animal  tribe,  its  requirements,  and 
niec  »iun.  ^|^^  manner  in  which  those  requirements  arc  salUtied,  we 
shall  meet  ^vitli  a  surprising  confirmation  of  the  preceding  views.  The 
lowest  rc<|uirement  we  c.in  conceive  of  is  the  appreciating  of  noises;  an 
advance  upon  this  is  the  detennination  of  their  direction ;  a  higher  ad- 
vance-, the  determination  of  their  intensity;  and  a  still  higher. the  nfr 
ognition  of  those  combinations  of  impulses  which  constitute  a  musical 
sound.  Tor  cacli  of  these  successive  requirements  tiic  auditory  raedi* 
aiiiam  must  necessarily  become  more  complex;  and  tlms  it  first  ap- 
pears, as  we  have  just  stated,  aa  a  sac  of  water,  containing  a  stony  grain 
or  otolith  imbedilcd  in  the  cssopliageal  collar.  A  noise  agitates  the  oto- 
Compira(ir«  ^**^»  *"^  ^X  ^*^  movement  the  perception  of  a  sound  ensues. 
iDaiooi^uribe  In  ccphalopodous  molluscs  the  auditory  sac  i.s  detached,  and 
the  intercommunicating  thread  rcprescnls  the  rudiment  of 
what,  in  the  liigher  grade  of  development,  will  be  the  auditory  nerve. 
With  another  advance  the  sac  is  lodged  in  a  cartilaginous  cavity.  Thtu, 
in  the  cuttle-fish,  a  simple  cartilaginous  vestibule  exists,  Iiaviiig  witbiii 
it  a  membranous  bag  or  anditory  capsule,  filled  with  tluid,  and  upon  the 
capealc  the  filaments  of  the  auditory  ncr^c  are  spread.  An  otolith  ot 
_  ear-stone  is  placed  within,  and  this  constitutes  the  entin^  apparatus^  while 
^^M  yet  there  is  no  vibrating  membrane  and  no  fcneslral  aperture.. 
^^1  Kven  in  still  higher  conditions  the  purely  mcclmnical  character  of  ths- 

^^"         structure  is  manifest,  and  so,  in  some  of  those  in  whicli  t)je  sac  opens  ex—* 
I  teriorly,  grains  of  sand,  that  have  been  introduced  by  chance  from  without*^ 

I  rest  on  the  hair  like  filaments  which  the  auditory  sac  contains,  each  fila' 

I  mcnt  apparently  including  a  ner^•e  fibril.     In  a  still  higlicr  condition 

t  Advance,  as,  for  example,  in  1  he  lobster,  a  portion  of  liio  shelly  wall  whii 
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forms  tlie  ^wundnry  oi'  the  auditoTy  canity  is  unconsoIMated,  and  a  mcm- 
tmuie  which  stretches  over  tiic  otherwise  vacant  space  presents  tlic  (irst 
mtliniciit  of  the  fenestra  ovaiis.  With  the  exception  of  the  ainphioxus, 
all  vertebrated  animals  have  a  8})eciul  organ  of  hearing,  which*  in  suc- 
cessirc  triltcs,  presents  an  interesting  increase  of  complexity,  Lcginning  in 
the  cyclostome.s  with  a  sac  in  the  cranial  cartilages  fillrd  witli  water, 
nerve  tibrila  distributed  on  its  walls,  and  an  otolith  incUidcd,  but  no  ex- 
ternal communicating  aperture.  I'Vom  this,  in  succession,  the  various 
portions  which  are  to  be  developed  in  perfection  in  the  higher  races  grad- 
tially  appear:  the  myxino  has  one  semicircular  canal  arising  from  tho 
Tcstibule,  tlic  lamprey  has  two,  the  higher  forms  Imve  throe.  As  the  case 
may  be,  a  portion  of  the  cartilage  or  bony  parietcs  is  deticicnt,  and,  again, 
the  fenestra  ovalis  is  the  result.  Though  in  the  osseous  tithes  there  is 
neither  tympanum  or  cochlea,  in  sonic  few  the  rudimenls  of  iho  former 
begin  to  exist.  The  naked  amphibia  liavc  no  cochlea,  and  oidy  one  fc- 
neatzn,  answering  to  the  ovalis :  to  this  is  fitted  a  stapes ;  but  in  lizards 
and  scaly  serpents  there  is  a  general  advance,  these  having  a  conical 
cochlea.  As  wc  pass  througli  them  the  plan  is  carried  out ;  the  t}Tnpan- 
ic  cavity  and  its  chain  of  bones,  the  Eustacliian  tube,  and  cocldca  ap- 
pear; and  with  the  rudiment  of  the  cochlea  there  is  presented  in  thet\Tn- 
panic  cavity  a  second  aperture,  answering  to  the  fenestra  rotunda.  In 
birds  the  structure  offers  a  continued  improvement,  commencing  on  a 
plan  analogous  to  that  of  tlie  scaly  amphibia,  but  exhibiting  a  speedy 
development.  Tlic  mcmbrana  tympani  is  composed  of  several  layers ; 
the  cavity  of  the  drum  communicntes  with  eells  in  the  eianial  bones,  tho 
aoalogues  of  tho  mastoid  ccUs ;  a  bony  Eustachian  tube  crosses  to  meet 
its  fcUow  of  the  opposite  side,  and  open  in  a  common  aperture.  The  o«- 
aictes  consist  of  a  malleus,  a  staff-shaped  intei-meflintc  bone,  and  a  tiat 
■tapes,  resting  on  the  fenestra  ovalia.  As  if  to  show  a  tendency  to  the 
form  it  is  eventually  to  assume,  this  bone  sometimes  presents  a  forked 
appearance,  the  preparation  for  a  stinrtip  ftlia|>e.  As  regards  this  bone, 
liirrla  and  mainmab*  may  be  said  to  overlap,  for  in  ita  more  developetl 
condition  in  birds  it  bifurcates,  but  in  the  lower  mnrnmals,  n«  the  kanga- 
roo, it  ia  still  cylindric.  In  birds  of  prey  the  semicircular  canals  are 
large,  the  cochlea  fairly  developed,  though  as  a  straight  or  slightly-curved 
tube,  containing  its  scaln;  and  vibrating  lamina:  the  vestibule  has  car- 
atones.  Through  the  monotremata  this  condition  of  construction  in  con- 
tinued into  the  perfect  mamm&ls :  all  the  aerial  tribes  have  external  ears, 
and  full  development  is  reached  in  the  auditorj'  mechanism  of  man. 

Now  if  wc  collate  the  facts  here  presented  witli  the  requirement  of  the 
ooodition  of  life  which  each  of  these  successive  races  seems  to  demand,  we 
shall  find  that  the  remark  heretofore  made,  that  the  semicircular  canals 
are  for  the  recognition  of  the  qualities  of  sound,  ia  strikingly  borne  cuaX. 
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though,  from  our  ignorance  of  what  it  is  in  which  qunlity  con8i5U,we  are 
wholly  tumble  to  offer  an  explanation  of  the  precise  mode  of  action  of 
that  part  of  the  auditory  mechanism. 

We  arc  so  prone  to  extend  our  ideas  of  our  own  perceptions  to  the 
Ftetial  drikf-     ^^'^^  of  other  animals  that  it  may  not  here  be  anprotitable  to 

I  oi  inferior  offer  u  remark  which  may  serve  to  correct  such  views.  To 
many  of  the  sounds  with  which  w^c  arc  familiar,  birds  and  oth- 
er lower  tribes  arc  totally  deaf;  thoy  can  not  appreciate,  except  within  t 
narrow  range,  the  notes  of  music,  and,  indeed,  to  all  those  in  which  then 
is  no  cochlea  such  notes  m-c  inaudible.  In  the  lower  grades  nothing  moR 
than  a  noise  can  be  detected,  and  that  doubtless  in  a  very  indefinite  W9.y* 
\Vc  can  therefore  understand  how,  through  imperfection  of  construction, 
they  arc  cut  off  from  the  perception  of  an  infinite  number  of  occurreocei 
which  arc  obvious  enough  to  us.  Kven  among  our  domestic  animals,  to 
which  we  so  often  speak  or  sing  in  the  way  we  do  to  one  another,  the  in- 
tcllcctual  obtusencss  ivhich  wc  tliiuk  we  recognize  doubtless  origiiuitei 
in  an  incapacity  to  receive  those  expressions,  because  of  faulty  structnal 
condition. 

In  closing  these  remarks  on  tlic  sense  of  hearing,  it  is  nccessaiy  to 
...    direct  attention  to  the  order  of  development  of  the  or^an  in 
opuent  vfUio   the  individual  of  the  human  species,  as  wc  have  done  m  ibc 
^'-  case  of  the  successive  tribes  of  animals;  and  here  it  marll 

affirmed  thitt  tlie  ear  of  man  passes  in  a  tnuisient  succession  through  ftQ 
these  permanent  atumol  forms.  It  originates  at  first  fixtm  a  budding 
forth  of  the  vesicle  of  the  medulla  oblongata,  the  issuing  cell  becoming 
by  degrees  pear-shaped,  and  connected  witli  tiic  parent  cavity  by  a  tlirevl 
or  stalk.  The  pear-shaped  cavity  is  the  rudiment  of  what  is  eventually 
to  be  tlic  vestibule ;  the  pedicle  will  become  the  auditory  nerve,  E«a 
at  this  early  period  the  cavity  contains  an  otolith.  By  degrees  ticn 
arises  from  tlic  folding  in  of  the  walls  of  the  vestibule  the  carved  fonna 
that  ore  to  become  the  semicircular  canals,  and,  at  a  period  a  little  Uter. 
in  an  aiuilogous  way,  the  cochlea.  At  one  stage  of  this  development  the 
Riembronoua  Iab}'rinth  presents  an  almost  identical  aspect  witli  tliat  of 
the  retina  at  the  lime,  both  being  composed  of  a  fibrous  network  inter- 
spersed with  granules  and  nucleated  cells,  the  shadowing  forth  of  tbc 
parallelism  of  construction  which  may  be  traced  in  the  two  organs  wI«b 
they  have  reached  their  utmost  development,  the  one  for  the  co^iizaocc 
of  normal  and  tlio  other  for  transverse  vibrations. 

And  so  it  appears  that,  as  resjiecls  the  organ  of  hearing,  its  order  of 
liioatratinn  of  development  in  the  individual  is  identically  tlie  same  as  its 
the  ii]ii>.!rfrc-    order  of  development  in  successive  tribes  taken  in  the  ae- 

lion  of  (lie  Joe-  t         i        i  i  i 

trine  of  moans  gr^gatC'     lu  tho  latter  casc,  WC  Constantly  regard  its  con- 
dition of  construction  &a  arising  from  a  purposed  adaptation 
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to  tlie  wants  of  the  animal.  We  consider  it  as  affording  a  scries  of  il- 
lustrative instances  of  the  use  of  means  for  the  production  of  definite 
ends,  and  therefore  as  exhibiting  the  evidences  of  dctsigii ;  but  what  arc 
we  to  make  of  the  other,  the  parallel,  the  individual  case,  in  which,  in 
succession,  the  organ  presents  each  one  of  these  particular  forms,  and  in 
which  not  one  in  ever  used,  save  only  the  most  complete,  tJic  last? 
There  would  seem  lierc  to  he  little  of  adaptation,  little  of  means  to  an 
<aid,  nothing  of  design.  But  does  not  this  prove  to  us  (and  the  other 
organs  of  sense  will  furnish  a  similar  argument)  that  the  development  of 
the  vanous  animal  tribes,  and  of  each  individual  of  those  tribes,  takes 
place  under  the  operation  of  a  fur-reaching  and  common  law,  and  tliat  the 
particular  condition  wiiich  any  H^iccies  preaeuta,  or  even  any  individual 

ft  at  some  8i)ecud  {Kriod  of  his  existence,  is  a  manifestation  of  the  degree 

I  or  extent  to  which  that  law  has  been  carried  out? 

AJHthgy  Itttettn  Sovnd  and  fJght. —  Camparatire  Anaiomy  of  Vtmrn. — Pension  of  Warmik, 
—'Stmcttire  ef  O'tiB. —  L'n  of  Lenaes, — I*hyncai  PrineijAe  of  iht  Oryait  of  Vmon. 

Dtaaiptiim  t^  tke  Uumait  Eye. — Oj'ticai  Action  t^iti  i*ans. — Spherical  wid  Ckromatie  Abara- 
ttm.—Hecwivmi;  ,Scram  of  At  £ye  m  rt«  llick  Pigment. — Long  aatl  ihort  Sitjht,  and  their 
ChmcHoH. — JJutits  t^  Fumm  art  itkdmded  u  ori«  Oelavt. — Zwm'j  in  tatiatatitiij  £Af  JSriijhtHes* 

JWinxw  J/«cA(ntrm  ^  On  Eyt :  its  Stneturt  aiid  Functioni.—MtBiMr  iff  Prrerption  hg  tKa 
Jtetina. —  Tie  bltct  Pigmnt  ahsorhs  the  liayii. — Siiiptn  and  douiUt  Vhaon. — IhunlUyn  (if  Im~ 
pnxMianx. — Ocuhr  Spectra. — Ertxt  Vision. — Idta  f^tkt  So&ditif  of  liwBes. — Ilypvtkana  ^ 
dm  vl'Viiw  oftht  Hetina. 

Acotuoiy  Apparatus  o/(fie  Eyt. —  7^  Eyebrvvt. — EjtSda, — Laehrymat  Ajtptmtvg. — Jftudts 
^tUliaU. 

..The  physical  diflcrenco  between  waves  of  sound  and  waves  of  light 
lias  been  already  stated  to  consist  in  this,  that  the  vibrations  .  ,  _ . 
vhich  give  rise  to  tlie  former  coincide  with  the  direction  in  iwmq  mdiuI 
which  the  wave  passes,  but  those  of  the  latter  are  transverse,  *"  ^  *' 
There  is*  however,  notwit!istanding  this  difference,  a  general  analogy  be- 
tween the  structure  of  the  ear  and  tliat  of  the  eye,  and  provision  must 
be  made  in  the  case  of  the  organ  of  sight  for  determining  the  fundiunental 
peculiarities  which  are  necessary  to  be  determined  in  the  case  of  the  or- 
gan of  sound  ;  that  is  to  say,  intensity,  wave  length,  or  time  of  vibra- 
tion, and,  in  addition  thereto,  the  requirements  of  this  particulur  prob- 
lem demand  that  means  should  be  included  for  ascertaining  with  ejotct- 
Dess  the  sliape  of  objects  and  their  relative  positions. 
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Oftlic  (liHcrcnt  mcthoda  ivlilcli  we  might  follow  in  tlic  discnssion  of 
linp<irtAnc«  of  tlic  mecJionisin  of  the  eye,  none,  pcrliaps,  is  more  satis&cto- 
UvVrSmv  'y*  *"*  ^^^^  *o  cJeaicr  conclusions,  than  that  whicli  is  pre- 
of\i>iun.  '  eented  by  comparative  anatomy.  It  is  just  na  difficult  to 
take  a  compUcateJ  organ,  such  as  the  eye  of  man,  and  from  tlic  study 
of  it  to  deduce  the  Bigniticance  of  its  various  parts,  as  it  would  be  to  take 
a  complicated  human  contriraneo  and  determine  from  it  the  pTOpeartk&  of 
its  mccliauical  elements.  It  is  scarcely  from  tlic  watch  or  other  delicitB 
machine  tliat  n-e  should  c^cpcct  to  make  plain  the  properties  of  the  lenr 
or  the  wheel,  and  e>tperience  shows  tlial  it  is  only  by  the  attentive  study 
of  the  cases  presented  by  comparative  physiology — those  e^cpcriincoti 
made  for  us  by  nature,  as  CuviER  has  called  them — that  wc  can  hope  to 
advance  to  the  perfect  solution  of  this  problem. 

Treating  the  subject,  tlierefore,  in  this  way.  wc  observe  that,  in  the  lo* 
,.  ,  ^  iuial  series,  lone  before  any  thinj'  like  a  distinct  orcan  of  ^ifr 
c«[ition  of  ion  can  be  detected,  there  is  yet  a  perception  of  liglit  un 
winutli.  darkness.  The  hydra,  a  frcsli-water  polype,  offers  an  exao- 
ple,  for  this  suiuial  seeks  the  sunny  side  of  tlie  vessel  iu  wliich  it  ci 
placed,  preferring  it  to  the  shade.  In  the  absence  of  every  vestige  of  I 
visual  organ,  there  can  not  be  a  doubt  lliat  its  movements  depend  on  the 
percpplion  of  warmth,  just  as  when  a  man  who  is  totally  blind  passn 
from  the  sun  into  the  shade,  his  feelings  at  once  notity  him  of  the  change. 
In  a  pliysiologicftl  eense,  it  is  of  no  interest  to  us  to  inquire  into  the  phys- 
ical nature  of  this  efl'ect,  whctlier  light  is  identical  with  heat,  or  whctbci, 
when  light  falls  upon  a  lx>dy,  it  turns  into  heat.  Wo  Iiave  only  to  to- 
eept  it  as  a  fact  capable  of  abundant  experimental  proof,  that,  whenever 
rays  of  light  fall  on  a  surface,  that  surface  becomes  warm.  This,  as  ire 
shall  now  iind,  is  the  key  of  all  the  explanations  wc  have  to  give. 

Dr.  I'l-anklin  made  an  experiment  to  tJic  following  effect.  He  placed 
Dr.Frankiia'i  On  tlie  snow,  OH  a  Bunshiiiy  winter  day,  pieces  of  cloth  of  dif* 
•xperimrot.  f<^nt  colors — black,  ycllow,  white,  etc,  etc — in  such  a  posi- 
tion that  tlie  sun's  rays  fell  equally  on  them.  After  a  certain  length  of 
time,  on  examining  tlieni,  he  found  tltat  the  black  cloth  had  melted  its 
way  deeply  info  the  snow,  the  ycllow  to  a  less  depth,  and  the  white 
scarcely  at  all.  lie  therefore  drew  the  conclusion  that,  when  they  ato 
rccci%'ing  light,  surfaces  become  warm  in  proportion  to  the  depth  of  their 
tint,  and  tliat,  of  all  surfaces,  one  having  a  velvety  blackness  is  most  sea- 
sitive,  because  it  can  exert  the  most  powerful  absorbent  agency. 

On  tJiis  principle  seem  to  be  constructed  the  ocelli  of  the  lower  tribes. 
OwHi  of  lower  Tliesc  consist  of  a  collection  of  pigment  granulea,  usually 
luiuimN  coa-  of  ^  red,  black,  or  dark  color,  seated  on  the  expansion  of  a 
Franklin'*  nervous  ttiread.  Tlic  principle  wluch  is  clearly  contained  in 
principle.         jj^j^  mechauisin  is  that  of  relieving  I  he  general  surface  from 
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the  impression  of  light,  or  rather  of  rendering  it  more  intense  by  central- 
izing it  npon  a  Bpccial  locality.  Such  a  construction  involves  at  once  a 
change  in  the  nervous  mechanism,  by  devoting  a  particular  system  of 
nerve  tubules  to  the  new  duty.  But,  notwithstanding  this  increasing 
complexity  of  structure,  the  pliyaical  principle  is  still  as  simple  as  be- 
ibre.  It  is  indeed  almost  as  though  a  blind  man  should  paint  npon  his 
skin  A  black  space,  so  that,  as  in  Franklin's  experiment,  it  might  bo 
wore  sensitive  to  the  sun.  With  this  devotion  to  a  new  duty  the  nerv- 
ous tubules  doubtless  assume  an  isolated  function,  and  thus  there  aripcs 
a  ncnx  of  special  sense.  The  ocelli  of  the  \ovrcT  animals  arc  sometimes 
qnitc  numerous.  From  this  a  new  power  is  at  once  derived,  the  power 
of  determining  the  position  of  the  source  of  light,  a  property  which  doubt* 
less  becomes  more  perfectly  marked  in  proportion  to  the  number  and 
symmetry  of  arrangement  of  the  ocelli.  As  we  ascend  the  animal  series 
in  our  esamination,  wc  soon  find  that  complexity  is  being  introduced. 
A  membranous  hood,  arising  from  a  little  fold  of  the  extenial  tegument, 
shadows  forth  the  rudiment  of  an  eyelid,  and  seems  to  indicate  to  us  that, 
even  in  these  low  grades,  the  condition  which  wc  shall  eventually  iind 
so  strikingly  marked  in  the  high  ones  already  exists,  that  functional  ac- 
tivity involves  destruction,  and  tliat  the  senaoiy  medianism  must  have 
its  period  of  repose. 

Approaching  the  more  highly-developed  conditions  of  the  organ  of 
vision,  we  may  next  consider  the  cases  presented  by  the  j„tf<>^nrtio,n^ 
cycB  of  insects  and  the  eyes  of  Iiigher  niammalia.  lu  these  «0Bver([iDg  m*. 
a  new  physical  principle  has  been  introduced,  the  optical 
property  of  the  convex  lens,  a  transparent  solid,  having  one  or  both  of 
its  surfaces  curved,  and  obtaining  therefrom  the  power  of  forming  repre- 
sentations, or  images  of  objects  which  may  be  in  front  of  it,  at  a  cextain 
focal  distance  hcluud.  Such  images  arc  seen  when  wc  take  a  mtignify- 
ing  glass  or  a  convex  lens,  and,  holding  a  piece  of  paper  be-  jv   f  j 

hind  it  at  a  particular  point,  tliere  will  be  depicted  upon  the  iu  vuriaiiwu 
paper  tlie  inverted  forms  of  whatever  objects  may  l)e  in  front.  *^  '^^i*""* 
That  distance  is  the  focal  length  of  tlic  lens.     But  we  may  farther  no- 
tice, and  to  this  obscr\'ation  our  attention  will  be  required  iiereafter,  that 
the  focal  length  is  variable.     If  the  object  bo  near,  the  focal  length  ia 
greater;  if  distant,  it  is  less. 

Tlie  instrument  known  as  the  camera  obscura  rpprescnts  the  optical 
construction  of  the  eye.     Upon  a  receiving  surface  or  screen,  Thacumcn 
placed  at  the  focal  distaucc  behind  its  lens,  images  are  depicted  ohwnjr^ 
of  whatever  objects  may  cliance  to  be  in  front ;  but — and  this  is  a  remark 
of  interest  to  us  now — tlie  \'isual  range,  or  field  of  view,  is  quite  limited. 

I  In  animals,  the  perfection  of  whose  vision  roqnires  tliat,  instead  of  being 
restricted  iu  theu:  view  to  a  narrow  space,  they  should  \«i  a\i\t,  %&  W 
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were,  to  fake  hi  almost  a  hemisphere  at  a  glance,  this  extension  of 
visual  function  can  only  be  accomplished  in  one  of  two  difiercut  ways. 
Piirwent  poii-  ^^  "*®  '^'^  illuBtration  we  Itave  been  employing,  it  may  he 
aivucM  for  reached  by  having  innumerable  camerffi  pointing  in  inntuner- 
^!g«r'(iTid^  able  directions,  and  conveying  the  resalting  images  to  one 
■ricw  bv  Uie  common  surt'ace,  or  by  ha%*ing  one,  or  at  most  two,  camera: 
set  U])on  a  movable  stand,  which  can  quickly  point  them  in 
any  direction,  and  so  enable  them  to  inspect  successive  fields  of  view 
with  almost  instantaneous  mpidity.  The  former  plan  i3  resorted  to  id 
most  insects,  the  latter  in  man.  In  insects,  the  immobility  of  the  head 
tipon  the  trnnk  would  interfere  with  any  rapid  rotation  of  the  visual  or- 
gan ;  in  man,  the  facility  with  which  rotation  can  take  place  npon  the 
neck  as  on  au  axis,  and  the  movement  of  tlic  eye  in  its  orbits  accord 
piiahcfl  the  object  without  any  kind  of  difficiUty. 

In  continuing  an  investigation  of  the  structure  of  the  eye,  it  is  con- 
venient to  consider  it  under  three  heads:  1st.  Its  optical  loechaziism; 
2d.  Its  nervous  mechanism :  3d.  Its  accessory  apparatus. 

lit,  Oft/io  Optical  Mechanism  of  the  Eye. 

The  human  eye  is  of  a  globular  form,  and  about  one  inch  in  diamo: 
TViebuuiaa  I^  i^  not  perfectly  spherical,  its  lateral  diameter  being  she: 
■J""-  tiian  its  antero-postcrior  by  about  one  twentieth  part.     It  miy 

be  described  as  consisting  of  three  coats,  which,  fomnng  a  slicll,  contuD 
transparent  media  and  the  optical  apparatus.  Ii  might  also  be  conad- 
cred  as  arising  from  an  expansion  of  the  optic  nerve  into  an  almost 
spherical  cavity,  and  which,  being  fortified  by  certain  tissues  bclundt 
has  a  dioptric  mechanism  in  front. 

The  coats  of  the  eye  are  three  in  number:  the  sclerotic,  the  choroid. 
and  the  retina.     The  sclerotic,  which  is  the  exterior,  is  a  white  tihrom 
membrane,  very  tough,  and  possessing  the  nccessar)'  resistance  to  ^ve 
mcclianical  protection  to  the  parts  within.     AVithin  this  is  the  choroid,  a 
vasculnr  layer  or  tunic,  presenting  on  its  interior  tlic  black  pigment  whicli 
darkens  the  interior  of  the  eye.     The  innermost  coat  is  the  retina,  an  ex- 
pansion of  tiic  optic  nerve.     The  sclerotic  coat  is  perforated  in  front,  and 
into  the  circular  aperture  so  arising  the  transparent  cornea  is  let,  like  a 
watch-glass.     Jlany  anatomists,  however,  consider  that  the  corner  is 
absolutely  continuous  with  the  sclerotic,  and  a  part  of  it ;  the  sdootic 
and  the  choroid  arc  united  round  the  edge  of  the  cornea  by  the  ciliary 
lij^ament.     The  iris  is  perforated  in  its  centre,  the  a[)crture  being  deid^ 
nated  {Ls  the  pnpjl.     Posterior  to  the  iris  is  the  cr^-atalline  lens,  the  spue 
between  the  lens  and  the  cornea  being  filled  mlh  the  aqueous  humor,  in 
which  the  iris  floats,  dividing  it  into  two  regions,  called,  from  their  po^ 
tiout  tiw  anterior  and  pastci'ioT  diambcxv     AlLUie  rest  of  the  globe  bc- 
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tween  the  back  of  the  lens  nnJ  the  retina  is  filicd  with  a  »ub»lancc  ex- 
tremely trani5parcnt,  and  known  a3  the  vitreous  humor.  Tlie  aqueous 
hunior,  the  crystalline  leiis,  and  the  vitreous  humor,  by  reason  of  their 
transparency,  offer,  therefore,  no  obstacle  to  the  passage  of  light 

iLLUSTRjinoxs  or  noE  bye. 

Fi^*  196:  a,  (I,  sclerotic,  turned  over;  i,  choroid;  c,  c^  ciliary  nerves 
traversing  sclerotic,  and  going  between  it  and  choroid  ;  d-,  retina ;  l\  yii- 
rcous  body  ;  y,  crystalline ;  ^,  middle  section  of  iris ;  A,  middle  section 
of  cornea;  i,  anterior  chamber;  ^',  posterior  cliambcr;  ^',  canal  of  Fonta- 
Fiy-  iM.  na,  between  the  ciliary  circle  and  iris 

on  one  side,  and  sclerotic  and  cornea  oa 
the  otlicr. 


V  Pitjfile  rli'w  of  lite  ty*.  Fm^  y\vw  of  Iho  eyfc 

■  Fifj.  197 :  fl,  transparent  cornea ;  i,  i,  sclerotic ;  <*,  iris ;  rf,  pupil ;  e, 
ciliary  circle ;  f^  choroid,  on  which  is  seen  the  dichotomous  terminatioa 
of  the  ciliary  nerves;  g,  ciliarj'  processes;  h^  crj-staUinc. 

B  SECnoX   OF  TUB  ETX. 

■  lig,  198 :  ff,  upper  eyehd ;  i,  lower  eyelid,  showing  the  different  lay- 
^^^  ^jyj^^,  ^^  con^iwsinj;  them  ;  c,  r,  conjunc- 
^^^^        l^^^P^^^^^Sl^^/  ^'^^  rcflccte<[l  from  posterior  face  of 

■  ^t^^KS^^^^tt^S/iL'*  ^'}'*^lid  upon  the  antcnor  face  of  the 
B  ^^^BSfl^^^^^^^^B^Bi^''  ^^^  0^  lli(^  ;  ^t  dy  orbito-oc- 
H  ,^^|H9j^^^^^^^^^^^^^t"  ^^"^  aponeurosis,  prolonged 

f,  the  sheatli  of  tiic  optic  nen*e,  and 
sending  sheaths  to  the  mnsnlpj* ;  f^ 
the  superior  rectus  ;  y,  the  inferior 
rectus ;  A,  K,  sclerotic,  re-cnforcod 

»'  *^^^^^^^^^~~  behind  by  sheath  of  optic  nerve, 

smioD  or  u.«  rjr,,  (|j,(l  Jq  front  by  aponeurotic  expan- 

sion of  recti  muscles  ;  »,  transparent  cornea,  cut  to  show  its  lamellar  tex- 
tore  ;  ^,  j^  choroid ;  1%,  ciliary  circle ;  /,  ciliary  body  and  processes ;  Tn, 
and  pupU ;  n,  »,  canal  of  Fontana ;  0,  o,  retina,  continuous  \viiU  eub- 
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stance  of  optic  nerve ;  jp,  ciliary  circle  of  Ziiin ;  g,  y,  hyaloid  m«n- 
bmuc ;  r,  capsular  arleryf  lodged  in  hyaloid  canal ;  «,  8,  vitreous  liuucr 
and  its  ccLia  ;  ^  crystallino  and  its  capsule  ;  Uy  u,  canal  of  Petit ;  rs  in- 
terior cltamber ;  d%  posterior  chaiubcr. 

To  this  general  description  of  the  coufurroation  of  llio  eye  may  he  o^- 
cd  a  few  rrniarks  on  each  of  its  constituent  ports. 

The  sclerotic  coat  consista  of  white  fibrous  tissue,  whicit,  in  fiddition 
The  sclerotic  to  thc  uso  bcfore  mentioned,  ofTords  the  means  of  insertion  of 
w**-  the  muscular  mechanism  for  moving  the  halh     It  is  tisi^iiicr 

behind  than  in  front,  its  relative  thickness  diJfcnng  in  diifercnt  aiumals 
according  to  the  mcchonicnl  circumstances  to  which  they  have  to  be  ex- 
posed. In  the  wlude,  which  has  to  resist  llic  pressure  of  a  deep  3ca,tbc 
sclerotic  is  an  indi  tliick.  In  some  instances  cartilage  is  included  in  it« 
in  others  bone.  Besides  thc  aperture  in  front,  into  which  the  conicA  ii 
let,  there  is  anotlier  behind  for  tlic  passage  of  the  optic  nerve  Tlui 
method  of  description,  tliough  \cxy  convenient,  is,  however,  scoroelr  ea- 
rect,  if  we  consider  thc  coats  of  the  eye  as  arising  from  cxpaiiaioiis  of  the 
optic  nerve,  fur  then  thc  sclerotic  answers  to  the  exterior  invc£>titure,flad 
the  tubnics  of  the.  nerve  gain  access  to  tlio  interior  of  the  eye  TStbout 
passing  througli  an  aperture,  pro|)erIy  speaking.  The  place  at  whiA 
the  Dcrvo  enters  is  not  in  thc  optical  axis,  but  at  a  distance  of  shout  its 
own  diameter  on  the  interior  side.  Thc  aperture  is  smaller  on  the  in- 
side of  thc  sclerotic  than  on  the  outside;  thus  it  presents  a  conical  slin^ 
It  is  not  a  single  hole,  but  rather  a  collection  of  sievo-likc  ojKiiioga^ 
through  which  the  optic  tubules  pass. 

The  cornea,  which  is  let  into  thc  sclerotic  in  front,  is  of  greater  curva- 
ture thou  the  sclerotic.  Its  front  and  back  faces  arc  parallel 
Tiiough  it  seems  to  be  pellucid  as  gloss,  it  has  a  very  iulri' 
cnte  construclion,  being  composed  of  at  least  five  separate  layers ;  tbc 
-inncrmoBt  one,  or  cornea  proj)or,  consisting,  it  is  said,  of  more  than  sixty 
lamella'. 

The  choroid  coat  is  arranged,  like  thc  sclerotic,  for  thc  (vissagc  of  the 
Tbs  cboroid :  Optic  ttorvo.  Thc  iris  is  commonly  described  as  a  proccM 
lisamneiv      ^f  it.     The  clioroid  is  a  sheet  of  blood  capillaries  arranzol 

r.tenl  for  intro.    ,  ,  •   ,         ,  -  i 

.iiniiin  itnii  re-  m  two  lavers,  an  arterial  and  a  venous,  m  such  a  way  as  to 
raovinj;  UW..I.   pive  the  utmost  fn^idom  of  access  for  the  artcriol  I!      *  ' 
the  retina  within.     The  veins  which  remove  this  blood  arc  pi  . 
curved  forms,  and  are  designated  vasa  vorticosa;  from  thc  choroid  alfo 
the  dark  pigment  is  secreted.     Those  animals  in  which  it  is  absent  «ie 
called  albinos.     Xcar  to  tlie  iris  the  choroid  merges  in  the  ciliary  liga- 
ment, and  gives  forth  the  ciliary  processes,  being  covered  in  front  by  tiic 
ciliary  muscle. 
J^/y.  190:  a,  a,  section  of  sclciotic  ^  6%  cstorior  soriace  of  the  choroid 


Ths  cornea. 
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on  whidi  ore  seen,  c^  Cy  tbe  vasa  vorticosa ;  d^  d,  ciliaiy  nerves ;  tf,  cUiaiy 
ligaments ;  f^  anterior  incc  of  iris ;  ^,  pupil. 


r''^4^ 


ITbA  rdu  of  Ih*  diuruld.  Tliv  an«riM  ef  Ibc  eliorai4. 

Fig.  200:  a,  a,  exterior  siirfnco  of  tlie  choroid  and  tJio  iris,  showing  the 
urterial  network  of  these  two  memhrancs,  supplied  by  the  ciliary  arteries, 
whicht  after  having  traversed  t}ie  sclerotic,  divide  into,  by  //,  posterior  cili- 
arics  for  tlic  choroid,  and  o,  c%  anterior  cillarics  for  tlte  iris. 

■  The  iris,  thongh  arising,  ns  has  been  said,  from  the  choroid,  is  con- 
structed in  a  different  way,  its  tissue  mainly  consisting  of  un- 
striped  muscuhir  libre,  except  in  the  case  of  birds,  which  present 

the  striped  variety.     It  is  extremely  vascular,  its  arteries  being  derived 

from  the  ciliary.     The  color  of  tlie  eye  depends  on  the  color  of  the  front 
'      of  the  iris ;  the  posterior  }xirtion  is  covered  with  black  pigment. 
B       Tbe  ciliary  muscle,  for  such  it  has  been  proved  to  be  by  Dr.  Wallace, 

of  New  York,  is  of  the  unstriped  kind ;  its  action  is  to  move  the  lens. 
H    In  birds  it  is  of  the  striped  variety, 
I       The  retina  intervenes  between  the  vitieons  humor  and  tbe  choroid 

coat ;  it  arises  from  the  tubules  of  the  optic  nerve,  which  have  _.,       , 

,     .  .        .  .  ,     .  TIio  retina. 

cast  off  their  covenng  investitures  on  theu*  passage  through  the 
sclerotic.     It  extends  forward  to  the  ciliary  body;  is  perfectly  trans- 
parent during  life,  thongli  it  soon  becomes  semi-transparent.     Its  struc- 
ture, a  knowledge  of  which  is  of  the  utmost  importance  in  the  theory  of 
vision,  will  be  presently  described. 

■  Fi^.  wi.  In  t^w  optical  axis  of  the  eye  there  is  upon  the  ref- 
-^^^^  ina  a  spot  of  about  the  twentieth  of  an  inch  in  diam- 
eter, called  the  yellow  spot  of  Soemmering.  Its  posi- 
tion is  shown  in  Fig.  201.  The  entrance  of  the  optic 
nerve  is  at  the  blind  spot  which  is  marked  at  some  dis- 
tance on  one  side.     The  vitreous  humor  is  contained  in 

Tcti^^vT^inTsMn.  a  delicate  mesh  of  transparent  tissue,  wliich  Tb«  riLmm* 

*""*"*  causes  it,  when  removed,  to  present  the  aspect  humor. 

of  a  jolly.  In  front  it  receives  the  crystalline  lens,  whicli  is  contained 
in  a  closed  capsule.  Kound  the  lens  there  ia  a  passage,  known  as  the 
canal  of  Petit,  which  enables  the  ciliary  muscle  to  move  tlie  Icna.     TUa 
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Analysis  of  the  vUrcous  humor  shows  that  it  consists  of  water  contaiih 
iiig  about  one  and  a  tiiird  per  cent,  of  common  salt,  with  a  tnce  of  it 
bamcti. 

The  ciystallme  lens  is  a  douhle  convex  of  unequal  curvaturcsi,  the  bd- 
Tbe  ciyitmliiDe  ttxioT  suT^kcc  being  the  Hattest,  the  ehaiw  changing  with  tlu 
l«tu.  period  of  life,  as  also  does  the  density  of  its  parts,  its  ecu* 

tral  portions  being  always  the  most  dense.  In  constmctioQ  it  is  ex- 
tremely complex,  being  made  up  of  tihres  ranged  side  by  side,  and  m 
forming  successiro  Iamin:iL  The  fibres  are  about  the  -^^tj  part  of  n 
inch  thick.  The  refracting  power  of  the  lens  diffcTS  at  the  centre  tod 
circumference :  in  the  former  region  it  is  greater.  In  clicmical  composi- 
tion, the  lens  consists  of  about  tifty-eight  per  cent,  of  water,  and  thirt)- 
six  per  cent,  of  a  form  of  albumen  known  as  globulin. 

The  aqueous  humor  fills  np  the  space  bct^rccn  the  lens  and  the  coma: 
AiiTiwtu  iiuiaor  *^  ^*  composcd  of  watCT  Containing  about  one  per  ceat_rt 
common  salt. 


Ibbm*. 


Oft/ie  optical  Action  oftfm  Eyc» 
It  is  the  proviuco  of  the  works  on  natural  philosophy  to  explain  hov, 
Fonut'     of  ^''*^^*  '"^y**  "^  light  fall  upon  a  convex  lens,  or  ujwu  coralii- 
in^w  tj      nations  of  such  lenses,  an  image  ot  the  object  will  form  at  uic 
proper  focal  distance.     For  the  purposes  of  phyaology,  it  ii 
iBcient  to  receive  this  as  a  fact,  which  may  bo  easily  illnstrated  by  ob- 
iug  the  images  of  external  objuctH  depicted  upon  a  sheet  of  wHtQ 
paper  when  a  convex  lens  or  magiiifying-gloss  is  held  at  a  particoUi 
distance  between  the  object  and  the  paper. 

In  making  such  on  experiment,  some  other  facts  which  concern  tin 
£ffc<tordi»-  physiologist  may  bo  readily  demonstrated:  1st.  That  tfae 
tancoofthcoiv.  fo(vgji  distance,  tliat  is,  the  distance  between  the  lens  and  tlie 

ji-rt  ami  corv.  .  .   ,  ,  .     .  >•         ,  • 

•luro  ufttM      paper,  IS  varmblc :  it  is  greater  for  objects  that  are  near,  less 
i«iu.  gjip  those  tlmt  arc  remote;  2(L  That  lenses  of  diftcrent  curv- 

atures being  compared  together,  the  flatter  ones  Iiave  the  longest  focos 
for  objects  at  the  same  distance  ;  3d.  That  louses  of  tlie  same  focos,  bat 
of  different  diameters,  give  images  unequally  sharp,  an  indctmitcness  be- 
ing jrcrceived  in  the  imago  given  by  the  lens  of  large  diameter.  This  in- 
distinctness is  due  to  the  spherical  figure  of  the  lens,  and  would  not  have 
^^pberini  in.1  Occurred  had  the  surface  been  ground  to  another  conic  sec- 
tion. It  is  called  spherical  aberration;  4th.  Unless  the 
lens  be  of  very  long  tbcus,  or  its  aperture  or  diameter  be 
very  small,  the  edges  of  the  images  it  yields  will  be  fringed  with  rainbov 
colors,  and  thereby  a  second  cause  of  indistinctness  arises.  It  is  called 
chromatic  aberration.  This  aberration  may  be  destroyed  by  properly 
comhining  togctJior  Icu&es  made  of  dilierent  rc&actlug  medio,  and  with 
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Borfaoes  of  suitable  curvatures;  a  combination  in  wliich  (lii;3  has  been  ef- 
fected is  termed  an  aehromatic  lens ;  and  if,  at  the  same  time,  by  projjer 
arrangements,  the  splicrical  aberration  has  been  destroyed,  the  lens  ia 
termed  npbnatic. 

Now  the  aqueous  Immor,  as  bounded  by  the  cornea  in  front  and  the 
crvBtallino  Ions  behind,  acta  aa  a  convex,  and  tlierefore  con-  c^nvrrwut 
verging  lens,  and  to  this  effect  the  crystxdline  itself  adds  pow-  mufUa  ot  ih« 
erfiilly,  t!>c  two  conjointly  causing  tiic  images  of  external  ob-  *'**' 
jects  to  form  upon  the  black  pigment.  These  images  arC|  of  course,  in- 
verled. 

The  adjustment  of  the  eye  for  perfect  vision  of  objects  at  different  fUs- 
tancea  is  accomplished  by  the  action  of  the  ciliary  muscle,    ...  , 

tiie  requisite  movement  being  to  draw  the  lens  farther  from  ih«  ciliary  miu- 
the  black  pigment  when  the  object  is  near.  There  has  been  *  '*^'  *'""• 
much  controversy  as  to  the  manner  by  which  this  adjustment  for  dis- 
tance is  elTectedi  but  it  is  generally  now  agreed  that  it  is  done  in  the 
manner  just  mentioned.  There  has  also  been  a  diiFcrenco  of  opinion  as 
respects  tlic  actual  screen  upon  which  the  images  form.  Some  of  the 
early  optical  writers  regarded  the  black  pigment  aa  being  rua  rcpciving 
that  receiving  surface,  an  opinion  which  has  been  universal-  »^f*«"»  ^  (*>• 
ly  abandoned,  the  function  having  been  of  late  attributed  to  amiaotibani- 
tho  retina,  but,  as  it  appears  to  me,  on  totally  iasutScicnt  ^''• 
grounds.  The  arguments  against  the  retina,  both  optical  and  anatom- 
ical, are  perfectly  unanswerable.  During  life  it  is  a  transparent  medium, 
aa  incapable  of  receiving  an  imago  as  a  sheet  of  clear  glass,  or  the  at- 
mosplicric  air  itself;  and,  as  will  presently  be  found,  when  we  come  to 
describe  its  structure,  its  sensory  surface  is  its  exterior  one,  that  is,  the 
one  nearest  to  the  clioroid  coat.  But  the  black  pigment,  from  its  perfect 
opacity,  not  only  completely  absorbs  the  rays  of  light,  turning  them,  if 
such  a  phrase  may  be  use)!,  into  heat,  no  matter  how  faint  they  may  be, 
but  also  discharges  the  well-known  duty  of  darkening  the  interior  of  the 
eye,  and  therefore  preventing  indistinctness  through  the  straying  of  the 
rays  of  light.  Pert'cction  of  vision  requires  that  the  images  should  form 
on  a  mathematical  supcHicies,  and  not  in  tlic  midst  of  a  transparent  mo- 
diam.     The  black  pigment  satisfies  that  condition,  the  retina  does  not* 

Spherical  aberration  is  compensated  for  partly  by  the  increasing  dens- 
ity of  the  lens  toward  its  centre,  and  partly  by  the  action  corre«inn  fo^ 
of  the  iris,  wliich  stops  such  rays  of  light  as  are  at  any  con-  •i»hfricai»ber- 
■idetable  distance  from  the  axis  of  the  eye,  acting  in  the  " 
same  manner  as  a  peitbrated  plate  or  diaphragm  in  ordinary  optical  in- 
struments. 

It  does  not  appear  that  there  is  any  attempt  at  correcting  the  chromat- 
ic aberration  of  the  eye,  tliougii  it  is  ]>opularly  supposed  lU&i  \.Vi%  ^^^tvl^^.^ 
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ChmiuUc  ab-  ^^  oqiicous  humor,  the  lens,  and  the  vitreons  hutnor  act  to- 
emtion  ti  un.  gethcr  in  the  same  manner  as  the  different  pieces  of  glass  it 
corrrcuHL  ^^^  acliromatic  arrangement.  Optica!  reasons,  however,  foood- 
cd  upon  the  constitution  and  refractive  powers  of  those  substances,  lad 
ua  to  abandon  that  view,  and  in  a  theoretical  respect  to  regard  the  eye 
AS  imppTfuct  in  this  particular. 

Adjustment  for  tlic  variable  intensity  of  light  is  effected  by  the  dilate 
.  ,  ,     tions  and  contractions  of  the  iris,  the  pupillarj-  oi^eniiirj  of 

(beiiit«»»hy  xvhich  varifs  from  the  j^jj  to  the  ^  of  an  inch  in  diaiiifter. 
*  ""**  We  are  thus  enabled  to  bring  to  the  smne  degree  of  illumin- 
atlng  effect  upon  the  retina  lights  which  differ  in  brilliancy  in  the  pro- 
portion of  one  to  forty-live.  The  means  by  which  this  is  accomplished 
will  he  more  particularly  described  when  we  speak  of  the  nervous  mc^ 
anism  of  the  eye. 

It  has  been  already  observed  that  tho  actual  field  of  view  at  a  given 
moment  is  quite  limited.  We  are  liable  to  deceive  ourselves  on  this 
point  from  the  rapidity  with  which  the  eyeball  can  be  directed  to  differ 
ent  parts  in  succession. 

Li  wliat  has  been  said,  reference  is  made  to  a  perfect  eye;  but  inipcr 
LoBic  tad  ibort  fectiona  arc  very  common.  Two  may  be  moro  partieulariy 
wnSMUooby"  P^"**^  ©"* — long-sightednc^s  and  short-sightedness.  In 
»f»«ciaclc&  the  former,  objects,  to  be  seen  distinctly,  must  be  placed 
farther  off  than  the  usual  distance ;  in  the  latter  they  must  be  brought 
nearer.  Long-sight ctbicss  arises  from  the  flatness  of  tlic  lens  or  cornea, 
so  that  the  focal  iranges  given  do  not  foil  truly  on  the  black  pigment,  hot 
would  be,  at  a  certain  distance,  exterior  to  it ;  hence  the  indistinctnud 
tiwt  results.  Short-sightedness  is  due  to  an  excess  of  cunature  in  the 
cornea  or  lens,  the  rays  forming  their  focal  images  before  the  black  pig- 
ment is  reached.  The  former  defect  may  be  removed  by  the  use  of  con- 
vex lensfs  as  B|>ectaelcs,  the  latter  by  concave.  It  is  ofien  said  tlitt 
short-sightedness  is  a  defect  of  early  life,  long-sightedness  of  old  age 
However  this  may  be  in  another  respect,  it  is  not  so  optically.  Indeed, 
cases  sometimes  occur  in  which  one  eye  is  affected  with  the  former  and 
the  other  with  the  latter  difficulty.  Very  fre<jucntly  the  two  eyes,  com- 
pared together,  will  be  found  differently  advanced  in  their  degree  of  im- 
perfection, and  hence  the  difficulty  of  obtaining  a  pair  of  spectacles, 
though  tlio  selection  is  attempted  to  be  made  out  of  a  largo  assortment. 
In  such  cases,  each  eye  ghotild  be  accommodated  with  a  lena  to  suit  it- 
self. 

Compared  with  the  organ  of  bearing,  the  eye  is  much  more  limited  in  Hi 
Uniitof  vWon  i^ction  ;  for,  while  the  car  can  distinguish  sounds  which  vary 
UoiK  octave,  through  many  octaves,  the  eye  can  only  perceive  vibraticHis 
whicbf  to  use  tlie  langui^e  of  acoustks,  differ  by  a  single  octave  only 
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To  one  octavei  therefore,  its  range  is  limited.  The  extreme  red  ray,  which 
is  emitted  by  a  substance  just  becoming  red  hot  at  a  tcmjieralurc  of 
1026°  Knhr.,  and  which  is  the  least  refrangible  that  can  afi'ect  the  eye, 
lis  caused  by  vibrations  that  arc  exactly  half  xi  frequent  as  tlio  extreme 
I  violet  ray  emitted  by  the  sun.  It  is  important,  in  the  explanations  wc 
>are  ginng,  to  understand  that,  in  a  perfect  solar  epectruin,  the  distribution 
i«<rf  the  colored  spaces  is  totally  ditferent  from  wliat  it  is  in  the  case  of  the 
[prismatic.  In  such  a  spectrum,  as  produced  by  the  interference  of  rays 
[.passing  througli  a  surface  of  glass  on  whiclt  have  been  ruled  with  a  point 
^a  diamond  parallel  lines  the  jj^^];  of  on  inch  apart,  the  yellow  occu- 
jcpies  the  middle  region,  and  from  this  the  light  grades  off,  terminating  at 
equal  distances  with  the  extreme  red  on  one  side  and  the  extauic  violet 
on  the  otiier.  Tlic  circumstances  of  such  an  experiment  ]>rove  tliat,  the 
|Hr»*e  fength  for  the  red  light  being  com|Kired  witli  that  ibr  the  yellow, 
Mtd  also  for  that  of  the  violet,  they  bear  to  one  another  the  cxtraordinor)' 
Und  simple  relation  of  1,  1|,  2,  establishing  the  assertion  just  made, 
that  the  extreme  limit  of  perception  of  tho  oyc  is  comprised  in  a  single 
.octave. 

I  may  refer  to  tho  experiments  published  by  myself  on  this  point,  and 
also  to  those  botli  antecedently  and  subsequently  published 
iby  JI.  Melloni,  in  proof  of  tlic  unieliabiiity  of  the  method  of  colored  r»y«  u 
■examining  tho  solar  speelrum  by  tho  prism  in  tho  manner  |"  E'j^iu'"'" 
Untroduced  by  Newton.     More  jiarticularly  to  the  discussion  miiuuiog  pow- 
Viow  beforo  as  docs  this  remark,  apply;   for  the  prism,  as  "'' 
may  bo  gathcEred  from  what  has  just  been  said,  spreads  out  the  colors  of 
flight  unduly,  and  ^ves  false  indications  respecting  the  distribution  of 
liieat.     There  can  now  remain  no  doubt,  although  the  prism  indicates  tho 
Lcontrary,  that  the  yeUow,  or  brightest  ray  of  light,  ia  tho  Iiottcst,  and 
lihat  the  warming  power  of  tlic  others,  orange,  green,  &c,  follows  in  tho 
jorder  of  their  luminous  intensity-     When  we  have  finished  a  descrip- 

Con  of  the  ncr>-ou3  mechanism  of  tlic  eye,  we  sliall  find  that  the  expla- 
ition  of  its  function  turns  on  the  admission  of  this  fact. 
i     Tlic  eve  is  limited  in  another  respect;  it  can  not  simultaneously  com- 
pare lights  which  differ  from  one  another  in  briUiancy  if  tlio  Limit  In  tbe 
.one  should  be  upward  of  04  times  as  bright  as  the  other.  JJ^l^risb^ 
>The  molt!  luminous  overpowers  or  extinguishes  the  feebler.  oru«hu. 
fWc  can  not  a*«  the  Ught  of  a  caudle  if  wc  hold  it  up  against  the  eun.      I 
may  again  refer  to  tltc  experiments  I  have  published,  establishing  tliat 
npon  this  fact  is  founded  the  most  exact  method  of  photometry  yet 
liknown. 

2d.   Of  Vie  yervona  Mechanism  of  Uie  Kye. 
In  the  prcc«ding  description  it  was  stated  that  the  retina^  commoulY 


described  as  nn  expansion  of  the  optic  nerre,  intervenes  between  the  ^ 
reous  humor  and  the  choroid  coat 

Regarding  it  as  composed  of  distinct  layers,  the  innermost  of  whu 
Corucniriion  in  contact  with  the  hvnloid  mcmbrano,  is  caited  tlie  fibro 
ud'jArab'tr    S™y  layer,  arises  from  the  tubules  of  the  optic  nerve,  whidi*' 
nmabmno.     bavo  CAst  otf  the  \\'ltite  substance  of  Schwann  ;  and  in  posfr- 
ing,  we  may  dwell  emphatically  upon  llie  point  that  at  tliat  spot,  when 
it  exists  alone,  that  is  to  say,  where  the  ojjtic  nerve  is  entering  the  eye^      i 
vision  can  not  be  performed.     Beneath,  or  outside  this  fibrous  layer, 
comes  the  gray  vesicular  layer:  it  is  juuiogous  to  the  vesicular  matter     I 
of  the  brnin.     The  two  layers  thus  far  described  arc  served  with  capilUij 
blood-vessels  of  extreme  minutcnees.     Outside  of  t  he  gray  vesicular  lay-     ^ 
or  is  the  granular  layer,  which,  as  its  name  imports,  consists  of  a  congl^H 
ries  of  granules,  whicli  arc  probably  the  origin  of  the  vesicles,  new  on«^^ 
arising  from  this  layer  continually.      Vet  again,  outside  of  the  granular 
layer,  comes  a  delicate  sheet,  known  as  the  membrane  of  Jacob,  but  which 
is  formed,  in  reality,  from  the  juxtaposition  of  a  set  of  rod-6hapcd  ani 
conical  bodies,  the  thicker  ends  of  the  rods  being  outward,  the  i 
inward. 

F\A.wA  J'^tf,  202  shows  the  partial  detnchme^ 

the  membrane  of  Jacob  from  the  exterior  of  the 
retina.      The  membrane   apjiears   as  dcUcate 
ghrcd.4,  and    may  be   advantageously   demcm* 
stratcd  after  the  rcmoral  of  the  choroid, 
specimen  being  placed  under  water. 

In  the  preceding  description  I  iiavc  folio 
the  course  usually  taken  by  former  anatomists, 
wlio  describe  the  retina  as  consisting  of  suc- 
cessive layers  or  strata,  but  much  more  pliilo- 
Mmiibnue  of  j«ob.  Bopliical  vicws  are  obtained  by  considering  it  ia 

PcnM>n>iinilAr  *^^  manner  introduced  by  H.  Midler,  that  is  to  say,  in  ita 
cxamiDQtma  radial  section.  From  this  it  appears  that  the  four  strati 
ofOwreUna.  g^^Qvo  mentioned,  viz..  1,  Jacobs  layer  of  rods  and  cones;  2. 
The  granular  layer ;  3.  The  vesicular  layer ;  4.  The  librcs  of  the  optifi 
ncr\'e,  are,  in  reality,  nil  connected  in  such  a  way  that,  {lassing  in  a  radial 
direction  as  respects  the  glolie  of  the  eye,  all  these  ditferent  elements  are 
successively  combined,  constituting  what  is  termed  the  radiated  tibiQ 
system.  Thus  from  each  of  tlie  proper  fibres  of  the  optic  nerve  athrcad- 
RMHolfibn  ^^^^  body  passes  radially  Ilm)ugh  the  tliickncss  of  the  r^na. 
syattm.  including  in  its  outward  passage  a  vesicle,  and  again,  beyond 
that,  a  granule,  and,  still  farther,  a  cone,  and  terminating  in  a  rod;  bo 
that  from  the  extremity  of  the  rod  there  is  a  continuous  conmiunication 
through  the  thickness  of  the  retina  to  the  iibrca  of  the  optic  nerve ;  t 
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arc  therefore  to  bo  regardod  as  the  tcmiination  of  the  optic  fibres. 

In  tliG  opinion  of  Miillcr  and  KoUikcr,  the  rods  and  cones  composing 

JaooVa  membrane  are  the  true  percipients  of  light,  communicating  their 

<  condition  to  the  tibres  of  the  optic  nene  by  means  of  the  couueclion 

'  trhich  tlicy  tints  maintain  with  it ;  or,  perhaps,  the  rods  and  cones  ore 

conductors  of  the  luminous  impressions  to  the  ncrvo-cclU  of  tlie  rctinn, 

!  which  constitute  a  ganglion  callable  of  perceiving  light,  and  the  fibres  of 

^  the  optic  nerve  merely  communicate  those  impressions  to  the  sensorium. 

Which<!ver  of  these  descriptions  we  may  follow,  tho  phyaioloj^cal  fact 

j  vhidi  I  desire  to  present  with  emphasis  still  remains  the  soma     It  is, 

ithat  tho  sentient  or  reccivitip^  piirt  of  the  retina  ia  the  posterior,  that 

.which  is  in  contact  witli  the  black  pigment. 

I     The  second  pair  of  nerves,  from  which  the  retina  is  thus  derived,  are, 
'from  their  function,  designated  the  optic  ncr\-cs.     They  do  TiiBoptio 
not  enter  the  sclerotic  in  its  optical  axis,  but  at  a  little  dis-  '"•"'":  t^'*t>f 

I  lift  '-111-         '■'ii»«tn  itiu 

{'taiuse  on  one  aide,  and  obui[ueIy — a  provision  doubtless  m-  puMi;e  to  Lh« 
t  tended,  in  a  measure,  to  avoid  the  occurrence  of  the  blind  '"^"'• 
lApot  on  the  centre  of  the  field  of  vision,  and  to  place  it  un.'^yra metrically 
I  in  the  two  eyes,  so  that  each  eye  shall  compensate  the  defect  of  the  oth- 
i  er.     Tlie  nerves  from  each  eye  converge  to  their  chiasm,  which  is  a  com- 
missure coDsisting  of  three  distinct  systems  of  tubules — an  anterior  set, 
"which  arc  commissures  between  the  two  rctinu!,  a  posterior  set,  commis- 
sures between  the  two  optic  thalami,  and  an  interior  set,  the  proper  tu* 
'Imles  of  the  optic  nerve,  which  cross,  those  from  the  right  eve  going  to 
'rthe  left  side  of  the  brain,  and  those  from  the  loft  eye  going  to  tiic  right 
side  of  tho  brain.     The  chiasm  is  therefore  to  be  regarded  ns  a  complex 
sknictare,  its  posterior  region  being  independent  of  the  other  parts,  and 
existing  in  animals  in  which  the  optic  ncr\'e  is  not  found,  as,  for  exam- 
pfe,  in  the  mole. 

Besides  the  optic  nerve,  which  is  exclusively  the  nerve  of  vision,  the 
collateral  parts  of  the  eve  ore  supplied  from  various  sources.  „        .  .. 

nti         t  •    1        •  '  1  NcrvM  16  the 

The  third  pair,  or  motorcs-oculorum,  supply  the  superior,  in-  evfl-i«ll  uui 
'  fcrior,  and  internal  recti  muscles,  the  inferior  oblique,  and  the  "»"«»^  i**"* 
levator  palpchnr.  The  fourth  pair,  or  pathctici,  supply  the  superior  ob- 
lique or  trochlear  muscles.  Of  tlie  fifth  pair,  8U]>pltes  are  derived  from 
the  frontal  branch,  lachrymal,  the  ciliary,  and  the  infra-trocldear.  The 
•  sixth  pair,  or  abducent,  pass  to  the  external  recti :  supplies  arc  also  dc- 
tired  from  the  sjin pathetic.  Of  tlicse  nerves,  tlie  ftinctiona  are  very  va- 
riona;  some  are  for  the  movement  of  the  ball,  or  for  general  sensibility 
of  the  surface  or  for  the  movements  of  the  eyelids,  or  for  those  of  the  iris, 
y  and  some  for  the  lachrymal  apparatus. 


Of  the  FttnHion  of  tJia  KervouA  MecAanism  ofiAe  .£^ 
The  reasons  have  already  been  given  for  coneideriug  that  it  is  tiie 
Th*  hUck  i-ic-  hlack  pigment  which  acta  na  the  receiving  or  optical  scrco, 
meni,aiui  ooi  ami  not  the  retina.  If  no  other  argument  waa  adduced  for 
tiM  rac«iv!iig  departing  from  the  opinion  usually  oxprcasod,  whicli  atliib- 
ecrwB.  ^^^^  l\^\g  function  to  the  retina,  the  thickness  of  that  sbno- 

ture  would  be  sufficient ;  images  can  only  form  with  precision  or  sharp- 
ness u[)on  an  abrupt  surt'acc  And  since  it  is  now  indisputably  sscer* 
tained  that  both  the  cliemical  effect  and  tlie  heating  efl'ect  of  the  ravs  ol 
light  depend  upon  their  absorption,  those  effects  being  in  direct  propcn^ 
lion  to  the  coiiipletcneMS  with  which  absorption  is  taking  place,  we  irc 
justified  in  inferring  tliat,  since  the  eye  is  stmsiUo  to  rays  of  so  lowt 
degree  of  intensity*  and  to  each  of  tiie  colored  ones  equally,  Its  screen  of 
reception  must  not  otdy  bo  a  superficies,  but  likewise  a  black  one  Sucli 
a  surface  the  black  pigment  is.  In  the  case  of  albinos,  and  auimals  in 
which  tho  black  pigment  is  imperfectly  developed,  the  receiving  sox^ 
or  screen  is  still  the  iuterior  of  the  choroid.  Under  such  circuinstanoc^ 
vision  must  be  indistinct. 

Kccalling  what  lias  been  said  respecting  the  diifusc  sensibility  of  tie 
llMiinff  fittret  lowcT  mcmbcrs  of  the  animal  scries  to  light,  and  tlic  Btn]^ 
oatb«pt({nviit.  ture  of  occUi,  it  accords  well  therewith  to  consider  that  the 
primary  effect  of  the  rays  of  light  upon  thia  black  pigment  is  to  raise  itfl 
lempcraturc,  and  this  to  a  degree  which  is  in  relation  to  their  intenaitv 
and  intrinsic  color ;  light  which  is  of  a  yellow  tint  exerting,  as  bu 
been  said,  the  most  energetic  action,  and  rays  which  correspond  to  tk 
extreme  red  and  the  extreme  violet  tho  feeblest.  The  varied  images  oi 
external  objects  which  arc  thus  pninted  upon  the  black  pigment  laisoite 
lcni|M;rature  in  becoming  extinguished,  and  that  in  llie  order  of  tlieir  hiil!- 
iancy  and  color ;  the  pigment  tlms  discharging  a  doable  duly,  as  a  6U> 
face  of  cjctromo  sensibility  for  calorific  impressions,  and  also  .is  darkeih 
ing  the  interior  of  tho  globe. 

In  this  local  disturbance  of  temijcruturc,  in  my  opinion,  the  act  o^ 
Manner  rtfwT-  '^'^''on  commcnccs,  tliis  doctrine  being  in  perfect  harmony 
etptioD  by  ibe  with  the  anatomical  structure  of  the  retina,  the  posterior 
"  surface  of  which  is  its  sensory  surface,  and  not  the  anterior, 

OS  it  ought  to  be  if  the  explanation  usually  given  of  the  nature  of  visioa 
is  correct;  and  therefore,  as  when  wo  pass  tlie  tip  of  the  finger  ovtr 
tho  surfaces  of  bodies,  and  recognize  warm  and  cold  spaces  thereupoB, 
tlic  same  occurs  witli  inlinitcly  more  delicacy  in  the  eye.  The  clnb- 
shaped  particles  of  Jacob's  membrane  are  truly  tactile  organs,  whid) 
communicate  to  tho  sensory  surface  of  the  retina  the  condition  of  tesf 
jxTHture  of  the  bUck  pigment. 
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But  lUifl  commimication  of  a  Tariation  of  tcmpcrntarc  implies  a  varia- 
tion in  the  waato  and  repair  of  the  retina  itself,  for  there  can  be  no  doubt 
%i  all  saeh  changes  arc  accelcrateU  by  an  incieasc  of  heat,  and  diiuin- 
Bbcd  by  its  decrease.     And  though  in  this  manner  the  origin  of  the  ac- 
m  which  lius  been  set  up  is  caloriHc,  and  therefore  physical,  it  iinmc- 
Ktcly  becomes  converted  into  a  physiological  equivoicnt  in  tJie  meta- 
Jbiorphosi^  and  destruction  of  a  nervous  tissue. 

Tiie  eye  can  not  perceive  rays  which  come  from  a  luminous  source 
[  temperature  of  which  is  lower  than  1000'^  1'.,  for  such  rays  can  not 
tiirough  a  stratum  of  water  or  tliroagh  the  humors  of  tlic  eye. 
philosophers,  in  making  a  diittinction  between  Iii!;ht  and  heat, 
too  often  overlooked  the  fact  lliat,  though  thermometers  are  sensi- 
sto  rays  of  every  sort,  the  eye  is  not.  Its  indications  arc  complicatGd 
the  necessary  introduction  of  absorbent  media,  which  stop  all  rays 
lie  relrangibilily  of  wliich  is  low. 
Many  years  ago.  Count  Kumford,  &ora  a  limited  examination  of  cases, 
Boncluded  that  all  photographic  effects  are  the  effects  of  Pfaotographlo 
to  iugh  temperature-  From  an  examination,  continued  for  f"!i^,'*of7itJjh 
ay  years,  of  numerous  phenomena  of  the  same  class,  which  t«m|>eraiur«. 
1  since  been  described,  I  hare  eomc  to  the  same  conclusion.  The 
Bging  of  a  ray  of  light  on  a  point  raises  the  tempcraturo  of  tliat 
oint  to  the  same  degree  as  that  possessed  by  the  source  trom  which  the 
ay  oomcs,  but  an  immediate  descent  takes  place  through  conduction  to 
be  neigh boriii;^;  particles.  This  conducted  heat,  by  reason  of  its  indef- 
j^ilcly  lower  intensity,  cca;>es  to  have  any  chemical  effect,  and  hence 
|ihotographic  images  arc  perfectly  shar])  on  their  edges.  It  may  be  dcm- 
Ibnstrated.  that  the  same  thing  takes  place  in  vi.sion,  and  in  this  respect 
kt  might  ahuost  bo  said  tliat  vision  is  a  photographic  effect,  the  receiving 
itarCocc  being  a  mathematical  superficies,  acting  under  the  preceding  con- 
dition. AH  objects  will  therefore  be  detinile,  and  sharply  defined  upon 
It,  nor  can  there  be  any  thing  like  a  lateral  spreading.     If  vision  took 

fice  in  the  retina  as  a  receiving  medium,  all  objects  would  bo  nebulous 
the  edges.  This  sharpness  and  graduig  off  are  happily  illustrated  by 
i  metal  daguerreotype  and  p:t|wr  piiotogm])li  rns{H>otively. 
Perhaps  it  might  be  thought  tliat  the  shaqmess  of  impressions  upon 
teliodion  or  albumen  stands  in  opposition  to  what  is  here  Atworptionn^c- 
,  respecting  the  inefficiency  of  translucent  media.    Those  JJ!^r,|,"  JJ^*" 

3ces,  however,  would  be  totally  inert  unless  there  bad  tion. 
I. purposely  mingled  with  them  some  compound  of  easy  dccomposi- 
capable  of  absorbing  the  blue  rays,  which  arc  in  these  eases  the 
Scctivo  photographic  ones.     Such  a  compound  must  commonly  bo  of  a 
Uow  color.     In  these  substances  the  absorption  takes  place  with  en- 
tile moment  the  light  lioa  entered  their  surt'ace.     In  the  Philoao^U.- 
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icnl  ^tngazine,  September,  1840, 1  hnre  given  proofs  tlut  the  cssentud 
coudition  of  tbc  chemical  activity  of  a  ruy  of  light  is  ita  being  thtis  ab- 
Borbetl.  As  an  Ltlustratioii  may  be  gi>-ea  the  well-known  result,  that  if 
clilorino  and  hydrogen  be  exposed  to  tlto  sun,  they  unite  with  a  TJolent 
explosion,  but,  under  the  same  circnm  stances,  oxygen  and  hydrogen  will 
utterly  refuse  to  unite,  no  matter  how  long  the  period  of  exposure  may 
be,  nor  what  the  brilliancy  of  the  light ;  and  the  ditfcrence  in  the  tire 
cases  is  merely  this,  that  the  chlorine^  being  of  a  yellowifih  color,  can  ab- 
sorb the  violet  light,  and  therefore  be  influenced  by  it ;  but  the  oxygen. 
being  uncolored,  can  not.  Kor  photographic  oflfects,  as  well  as  calorific 
the  cBScutiol  condition  is  absorption.  A  medium  like  tlie  retina,  whidt 
is  without  absorbing  action,  permits  rays  to  pass  through  it  without  &nv 
kind  of  effect,  but  a  surface  like  the  black  pigment,  which  receives  than 
all  cf|ual]y,  whatever  their  color  may  be,  and  absorbs  them  all  eqaallTt 
is  cc|naUy  affected  by  them  all. 

The  impression  arising  from  the  disturbed  condition  of  the  retiiutl 
PiinetLmofthe  vcsicles  IS  Carried  by  the  optic  tubules  to  the  chiasm  of  the 
two  chief  u.r-  two  nerves.  Apart  from  the  ccncrnl  facts  elsewhere  nie- 
■111  ami  the  chcK  scnteu  by  physiology,  the  existence  of  a  bund  spot  at  tbe 
"*'**■  entrance  of  the  optic  nerve,  whore  there  is  a  necessary  ab- 

sence of  vesicular  structure,  is  a  clear  proof  of  tJie  insensibility  of  the 
tubular  structure  to  the  influence  of  light.     Considering,  therdbre,  the 
retina  as  typically  composed  of  three  layers,  one  of  tnbules,  one  of  vcsri- 
clcs,  and  one  of  granules,  and  these  in  healtli  being  perfectly  transpannt, 
the  Inminons  beams  pass  through  them  just  as  they  do  tlirough  tbe  at- 
mosphere, without  exerting  the  slightest  effect ;  and  ns,  when  tiiose  rsTS 
strike  the  opaque  surface  of  the  eartli,  or  arc  absorbed  by  the  sea,  heat  is 
disengaged  and  effects  ensue,  so  likewise,  when  tliey  have  reached  tbe 
black  pigment,  the  changes  I  have  been  doftignsting  arise.     The  vesicti- 
lar  layer  undergoes  rapid  metamorphosis,  the  effect  of  that  change  is 
transmitted  by  tlie  tubular  layer,  and  in  the  granular  the  germs  are  oo^ 
fitantly  arising  from  which  the  waste  of  the  middle  hiyer  is  repaired.    S0| 
therefore,  the  tabular  layer  is  for  conduction,  the  vesicular  layer  for  wastei 
the  granular  layer  for  repair;  and  now  appears  tlic  signilicancc  of  tbe 
construction  and  proximity  of  the  choroid  coat,  for  the  waste  of  the  ve- 
sicular layer  can  not  occur  save  under  the  oxidizing  intiucnce  of  the  *t- 
texial  blood,  nor  can  the  nutrition  of  the  granular  layer  bo  accomplished 
except  under  tbo  same  condition,     iiloreover,  the  resulting  products  of 
waste  require  to  be  quickly  removed,  and  it  is  not  possible  to  conouTO 
the  construction  of  an  arrangement  better  adapted  for  this  triple  object 
than  that  wliich  the  choroid  presents.     On  the  old  \*iew  of  the  nature  of 
vision,  the  construction  of  the  choroid  seems  to  be  without  sifrnificancft 

The  analogy  between  the  mechanism  of  the  retina  and  that  of  the 


80  fur  ns  waste  and  restoration  are  concerned,  can  not  fail  to  lae 
tice<L 

Tlie  effect  irJiicii  has  thus  been  communicated  to  the  vesicular  layer 
of  the  retina,  tbrotigh  the  intervention  of  Jacob's  rods  and  .  . 

cones,  is  now  carried  along  the  nervous  tubules  out  of  the  oTihvriitbttnd 
globe  of  the  rye.  The  nerves  from  eacli  eye,  converging,  ""''-^*- 
encounter  one  another  at  the  cliiasm,  the  triple  structure  of  which  has 
already  been  described.  Hero  it  is,  however,  to  be  understood  tliat, 
while  the  ijroi)er  optic  tubules  of  the  right  eye  go  to  the  left  brain,  and 
of  the  left  eye  to  the  right  brain,  the  anterior  band  of  commissural  tu- 
bnles  brings  the  two  eyes  into  a  sjiecial  relation  with  one  another,  tlio 
right  aide  of  one  eye  corresponding  with  the  right  of  the  other,  nnd  the 
lelt  with  the  left ;  or,  to  put  the  same  statement  under  a  more  simple  yet 
more  instructive  form,  the  outer  side  of  one  eye  corresponds  with  the  in- 
ner of  the  other,  and  in  this  manner  the  two  retinae  become  ua  il"  they 
were  virtually  incased  the  ono  within  the  shell  of  the  other,  on  arrango* 
mcnt  whicli  obviously,  as  has  been  already  remarked,  compensates  in  a 
degree  for  the  blind  ajK)!  of  each  eye,  and,  indeed,  eliminates  tlic  effect  of 
all  accidental  irregularities,  for  numberless  such  irregularities  must  exist, 
there  being  a  necessity,  for  example,  that  blood-vcsseU  should  croae 
through  the  sensitive  to  the  conducting  structures,  and  such  blood-ve»- 
scls  give  rise  to  lines  of  inertness, 

L    Krom  this  commissural  arrangement  it  comes  to  pass  that  eacit  retina 
■possesses  regions  of  symmetry  with  the  other,  and  on  this  gi„j,i^,  of„i 
(wngleness  of  vision  depends;  each  point  of  the  outer  portion  'i'*ui'i«  vuion. 
of  the  retina  ofthe  right  eye  has  its  point  of  symmetry  in  an  inner  portion 
of  the  left,  and  when  from  a  distant  object  rays  fall  on  tliese  symmetrical 
points,  that  object  will  be  seen  single ;  but  if,  by  the  pressure  ofthe  fin- 
ger or  ollierwise,  we  compel  tlie  image  to  fall  in  one  of  the  eyes  upon 
another,  and,  therefore,  non-sjnn metrical  point,  the  object  at  once  becomes 
double.     It  should  be  remarked  that  this  exchange  of  symmetry  concerns 
mdj  the  lateral  divisions,  for  the  upper  portion  of  one  eye  corresponds 
the  upper  portion  of  the  other,  and  the  lower  with  tlic  lower. 
If  the  view  which  I  have  presented  respecting  the  seals  of  the  laby- 
tlinth  ofthe  car  be  correct,  that  singular  stmcture  finds  its  j^n.jop^i^ 
'equivalent  in  the  black  pigment  of  the  eye;  for  though  we  t«CT)utiie«»ljD 
only  know  in  an  indistinct  luanner  the  physical  condition  of  *"'  P**""*" 
tailack  opacity,  we  may  be  certain  that  it  arises  irom  total  interference  of 
rays,  and  such,  it  is  presumed,  is  the  office  ofthe  scahw  ofthe  ear. 

Impieasions  made  upon  the  retina  do  not  disappear  instantly,  but  grad- 
ually fade  away,  and  in  so  doing  occupy  a  certain  period  of  jiy„t](^  ^^f 
time,  which  varies  with  the  brightness  ofthe  original  light,  the  iniprc«ioDi 
ting  condition  ofthe  eye,  and  the  illumination  to  which  it    ""    *  *^'' 


^existi: 


EBECT   ViaiOy. 


is  exposed.  This  duration  of  impressions  is  coiamonly  estimated  at 
about  one  third  of  a  second.  It  is  a  phenomenon  analogous  to  that  of  the 
continuance  of  sound  in  tho  car,  and  subserves  an  important  purpose  of 
keeping  vision  continuous  and  distinct  during  the  winking  of  the  ejehds. 
Cominonly  it  is  illastratcd  by  referring  to  tlie  foroiliar  experiment  of  a 
stick  liglilcd  at  one  end  and  twirled  rapidly  round,  which  gives  xisb  to 
the  appearance  of  a  continuous  tiery  circle.  Many  ingenious  and  interest- 
ing toys,  such  as  the  thatimatropc  or  wondcr-tumcr,  act  on  this  prindpk 

AVht'n  the  cye^  partic\Uarly  after  a  period  of  reiwse,  as  when  we  fint 
Ocular  »i>r<tTft  wako  in  the  rooming,  is  turned  to  the  window  or  some  hi^it 
iwiuuy'iSS-  ^*S**^  *°*^  *^^  closed,  a  8i»ctral  impression  is  for  a  Iflag 
on.  time  presented  to  the  mind.     If,  instead  of  closing  the  e^ 

aAcr  looking  at  a  bright  light,  they  are  directed  to  some  white  sur&ce^a 
dark  sjicctral  appearance  of  the  luminous  object  is  seen.  Tho  csqiliitt- 
tiou  of  this  is  evidently  that  lhoi4c  juirta  of  tlie  retina  which  h&ve  jost 
imdcxgone  cliongo  are  loss  At  to  be  acted  upon  by  the  roorc  xnodente 
light  to  which  they  arc  now  exposed  than  those  which  have  hitherto  beni 
unaffected.  Under  similar  circumstances  arise  what  are  termed  comply 
mentary  colors.  Thus,  if  wo  intently  regard  a  red  wafer  on  whicb  tb 
Bun-rays  arc  brightly  shining,  and  then  turn  our  eyes  away  to  a  fechlj 
illuminated  white  wall,  a  green  spectre  of  tiie  wafer  will  be  sc^en ;  and  to 
of  other  colors.  The  complementary  tint  is  that  color  wliich,  added  to 
the  original  one,  forms  wliitc  light.  The  explanation  of  these  ooloied 
spectra  de]>ends  upon  the  princijde  just  mentioned. 

There  have  been  few  optical  problems  more  warmly  contested  thn 
that  of  erect  vision.  The  image  at  the  bottom  of  the  eve  is 
inverted,  but  we  see  the  object  upright  Some  have  supposed 
that  we  really  see  things  upside  down,  but  have  learned  to  correct  tlie 
error  by  tho  sense  of  touclu  Doubtless  the  true  explanation  is  to  be 
found  in  the  anatomicjd  construction  of  the  eye.  It  should  be  borne  in 
-mind  that  thcxe  is  a  very  "wide  difference  between  the  image  formed  «l 
the  bottom  of  an  eye  as  we  look  at  it,  and,  if  such  an  expression  may  Iff 
used,  ns  the  eye  itself  looks  at  it.  We  see  it  from  behind,  the  re^i 
MM  it  from  tho  front.  Or,  to  put  the  statement  perhaps  more  dearly. 
it  is  one  tiling  to  look  at  tho  images  on  the  ground  glass  of  n  camcn  ob- 
Bcura  firom  behind  the  instrument,  and  onothex  to  sec  them,  as  it  vratt 
from  tlic  interior  of  the  box.  The  two  positions  ore  upon  the  oppoaiie 
Bides  of  a  vertical  axis,  round  which  wo  may  consider  that  we  have  taifi* 
ed,  and  hence  tlie  lateral  inversion  is  corrected.  That  portion  of  the  iSf 
age  which,  seen  from  beliind.  was  on  the  right  of  the  spectator,  is  rai  tJ^ 
left  if  seen  in  front.  A  similar  event  must  ensue  in  the  case  of  tho  rtt- 
As  wo  liave  seen,  it  is  its  posterior  face,  looking  nt  the  black  pg* 
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mentt  which  is  its  sensitive  surface,     it  sees,  as  it  were,  looking  hwi- 
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frartl,  but  not  forwardT  and  hence  there  arises  a  correction  for  Lm^^^  jn^^p, 
the  lateral  in^trsion.  This,  of  coarse,  irnplies  the  existence  "on  corrected 
of  some  stractarnl  arrangement  which  sliall  either  correspond-  '■ 
ingly  correul  Uie  Tertical  inversion,  or  bring  back  the  lateral  to  its  orig^ 
iiul  erroneous  state,  and  thereby  establisli  a  harmony  of  ]]oaitiou  in  the 
tvro  dirrctions;  and  if,  in  the  retina  itself,  the  means  exist  for  the  cor- 
rection of  inversion,  vertical  as  well  as  lateral,  by  changing  the  direction 
of  iho  eoiiiliicling  tubules,  it  necessarily  must  bo  that  that  place  of  cor- 
recliim  is  where  the  retina  is  intersected  by  tlie  optical  axis  of  the  eye. 
I  think  it  is  to  be  greatly  regretted  that  we  are  not  bet-  SugeesUon  ro- 
tn  acr|naint(?*l  with  the  construction  of  tlio  yellow  spot  of  '^.iJ^J,'''* '""t^of 
Soemmering,  which  occurs  at  tiiis  very  point.  Tiio  ridgo-  8uoinm«riiii;. 
like  form  it  presents,  the  thin,  nncolorcd  spot  in  its  centre,  its  more  def- 
inite occtirrence  in  those  animals,  as  man,  the  quiidrumana.  and  some 
saorians,  the  axes  of  whose  eyes  are  nearly  parallel  to  one  anotlicr,  seem 
to  indicate,  in  a  very  signiticant  mnnner,  that  at  this  place  the  correction 
in  question  is  m.adc.  There  are  many  ways  in  which  we  may  conceive 
this  to  be  done  by  \'arying  the  direction  of  the  ncn-ous  tubules.  As  an 
illtxstration,  it  may  be  remarked  tliat  if,  through  a  small  Iiolc  made  in  a 
sheet  of  paper,  a  number  of  threads,  the  end  of  CJich  of  which  is  fasten- 
ed to  the  back  of  the  sheet,  be  caused  to  pass,  under  the  condition  tliat 
tbej-  do  not  cross  one  anotlicr  in  the  hole,  but  leave  its  aperture  open, 
their  direction  in  space  as  they  retire  from  the  Iioic  will  bo  inverted  as 
respects  the  direction  in  which  they  npproached  to  it.  The  analog)*  be- 
tween such  an  apertoro  and  the  foramen  of  Soemmering  is  too  striking  to 
be  overlooked. 

The  fltereoscopo,  invented  by  Professor  Wlieatstonc,  shows  to  what  an 
extent  our  ideas  of  the  soliditv  of  objects  depend  on  tiie  dif-  ^. 
MZeoces  oftlie  images  in  each  eye.  By  reason  of  their  dif- 
lesence  of  position,  each  of  the  two  eyes  will  have  a  different  picture  upon 
its  black  pigment  of  any  solid  object^  and  the  mind,  c*ombining  these  dis- 
similar pictures  into  one,  gathers  therefrom  the  idea  of  solidity.  If  thus 
we  oflfcr  to  the  eyes  two  pictures  of  a  given  object,  presenting  the  same 
form  as  that  object  woidd  have  done  when  seen  from  each  eye  respect- 
ively, tlie  mind  combines  those  flat  pictures  together,  and  can  not  divest 
itself  of  the  idea  of  a  solid  Ixidv.  This  is  the  principle  of  the  stcreo- 
seopp.  It  is  shown  by  this  instrument  tiiat,  when  two  such  pictures  of 
different  sizes  arc  used,  the  mind  combines  them  into  one  of  intermediate 
insgnitnde.  Probably  this  effect  is  involved  in  the  circumstance  iliat, 
when  we  look  at  an  object  uneriually  distant  from  the  two  eyes,  we  still 
•ee  it  single.  When  two  images  of  different  colors  are  emploj-ed,  the 
mind  can  not  combine  them,  but  sees  first  the  one  end  then  the  other, 
the  brightest  one  continuing  the  longest. 
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The  eye  is  adjastod  to  Iht-  vaning  intensities  of  light  b>-  the  motion 

Adiiiitinent  to  °*'  *^*^  *"***  ^''^^^'^  admits  morc  or  tewcT  rays  according  to  i(« 
TKriatiouiuf  sLatc  of  ooTitniction,  an  action  wliich,  on  certain  occasions,  is 
rig  tocss.  nided  by  the  orbicularifl  palpebrarum,  whicli,  by  brinpng 
ibo  eyelids  together^  limits  the  number  of  rays  passing  to  the  pupil.  la 
man,  the  Diascidar  fibres  of  the  iris  arc  of  the  unatrijicd  form ;  in  bizds 
they  arc  striped.  Our  perceptions  of  the  intensities  of  light*  as  gatho- 
ed  from  the  state  of  tlie  iris,  can  never  be  so  distinct  as  the  indications 
for  sound  yielded  by  the  tensor  tyrapani  and  stapedius  musics.  Id 
birds,  however,  it  is  probably  diflerent.  We  gather,  to  a  grcAt  extent, 
our  notion  of  the  briilioncy  of  light  from  the  rapidity  of  structural  change 
taking  place  in  the  retina  itself. 

Altliough  many  images  may  be  simultaneously  existing  upon  the  let- 
CoDccniratiofi  ^^^  ^^^^  mind  posscsses  the  power  of  singling  any  one  of  iheat 
of  AttenUuii  OH  out  and  fastening  attention  upon  it,  just  as  among  a  namba 
oau  Ullage.  ^j.  n^n^jpjj  instruments  simultaneously  played,  one,  and  tint 
perhaps  the  feeblest,  may  be  selected,  and  its  notea  exclusively  followed. 
These  phenomena,  however,  are  not  dependent  upon  any  peculiarity  of 
construction  of  any  of  tlie  oi^ans  of  sense ;  and  ns  the  mind  can  perceive 
the  images  of  external  things,  so  can  it  give  rise  to  spectral  illusions 
which  may  simulate  perfectly  the  as[xct  of  external  fonns.  The  anec- 
dotes of  such  occurrences  which  are  to  be  found  among  all  people  are  not 
the  fabrications  commonly  supjwsed.  The  mind  can  be  readily  dcceircd, 
even  in  spite  of  itself,  as  the  phenomena  of  the  stereoscope  prove;  uui 
spectres,  having  their  origin  in  natural  or  diseased  conditions  of  llio  brain. 
may  acctirately  replace  images  tliat  have  been  painted  in  the  eye  It  b 
_  J.  .  said,  however,  tliat  wo  may  readily  distinguish,  by  means  rf 
nii^ct,  taii  tvjt  a  simple  optical  test,  a  true  external  apjutrition,  if  any  ex* 
'    ""*  ists,  from  a  phantom  of  diacaswl  imagination;  for  by  prest- 

ing  duly  with  the  finger  on  the  bail  of  one  of  the  eyes,  external  objects 
are  at  once  doubled,  but  it  is  not  so  with  a  mental  illusion ;  and  we  may 
llierefore  suspect  that,  even  in  the  best  authenticated  cases  of  the  ap- 
pearances of  these  unnatttral  forms,  liad  this  test  been  applied,  their  tnis 
character  would  have  Wen  ascertained ;  and  that,  since  none  of  ihtai 
would  have  undergone  duplication,  they  would  at  once  have  been  detect- 
ed as  mere  lioUucinations  of  the  mind. 

The  explanation  of  the  function  of  vision  which  I  have  given  on  iho 
preceding  pages  mi^t  be  termed  the  calorific  hypotliesis,  since  it  rests 
essentially  on  the  fact  that  the  temperature  of  the  receiving  screen  of  tbo 
eye  is  raised  by  the  impinging  of  light  upon  it.  The  result  thus  far  is  of 
a  purely  physical  nature,  but  it  becomes  phyaiologicsd  when  we  farther 
r.dinit  that  changes  of  constitution  ensue  in  the  vesicular  structure  (rf the 
retina*     These  changes  axe  leudci^  mote  ra^pid  as  tlie  tcinperatiire  is 
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r.  It  remains  now  to  add  tliat  this  ia  only  one  manner  of  lookuig 
)  thing.  According  as  oar  hypothesis  of  tlie  nature  of  lights  of  its 
ona  to  heat,  and  of  ita  manner  of  establUhing  chemical  changers  may 
e  special  exphuiations  ive  give  of  the  ftmctioiis  of  the  eye  will  differ ; 
lere  is  such  a  relationship  among  these  hypotheses  that  XmnfiUtion  of 
n,  without  any  difficulty,  convert  an  explanation  derived  ^^«  c«iuriiic 
one  mto  an  explanation  dcnved  Irom  anouier.  it  re-  oiher  fornu  of 
somes  to  little  more  than  a  translation  of  phrascol(^y.  expresMoa. 
e  found  the  calorific  hypothesis  convcnti^nt,  because  we  are  led  to  it 
e  comparative  anatomy  of  the  eye  in  starting  from  iho  ocelli  of  tlio 
forms ;  yet,  with  almost  otjual  couvenieuce,  the  function  uilij^ht  have 
treated  otlienvine,  vie»ving  light  as  arising  from  ethereal  undulations, 
dditiunal  advantage  then  being  obtained  of  establishing  a  parallel- 
etween  tlic  action  of  the  organ  of  sight  and  tliat  of  hearing.  Or, 
B  manner,  the  case  might  have  been  viewed  in  its  purely  chemical 
ty  photographically,  as  it  might  bo  said,  the  destruction  of  the  vesie- 
itructiirc  of  the  retina  through  the  agency  of  arterial  oxygen  being 
as  tlic  primazy  physical  act.  But  this,  again,  amounts  oidy  to  a 
mt  mode  of  stating  tlie  same  c^cct,  since,  as  I  have  shown  (London 
dinburgh  Philosophical  ilagazino.  May,  1851),  all  chemical  cliangea 
iplished  in  material  substances  arc  occasioned  by  the  establishment 
ntory  motions  tlicrein,  and  Ampere  has  already  demonstrated  that 
»  phenomena  of  heat  may  be  esplaine<l  upon  the  doctrine  of  the  vi- 
nfl  of  the  constituent  molecules  of  bodies. 

resting  ourselves,  therefore,  of  any  farther  concern  in  making  a  se- 
ll ftmong  the  variotis  hypotheses,  we  have  adopted  the  view  that  the 
e  of  the  retina  originates  in  a  calorific  diHturbanec,  because  it  ap- 
to  be  somewhat  more  convenient  for  our  use. 
a  to  be  understood  that  the  sensation  of  light  is,  however,  purely 
i,  and  wliatcvcr  can  disturb  the  nutrition  or  waste  of  _  ,, 

tinawill  give  rise  to  luminous  impressions.    The  press-  ofUsbt  pvd/ 
'tlic  finger  on  tlie  ball  of  the  eye,  a  blow,  the  passage  ""™**  * 
electric  current,  and  divers  other  causes,  will  at  once  produce  the 
rftncc  of  light,  and  even  of  colors.     Heat  is  only  one  out  of  a  uul- 
of  agents  that  can  disturb  the  retina. 

[  Bd.  Of  V*e  Accessory  Ajiparatus  of  the  Sye. 

i  accessory  apparatus  of  the  eye  consists  chiefly  of  the  eyebrows, 
relida,  the  ileibomian  glands,  the  lachn'mal  mechaniam,  and  the 
es  for  the  movcioent  of  the  balL 

a  eyebrows  arc  two  arches  of  integtunent,  covered  with  hair,  on  the 
edge  of  the  orbit.  They  are  tisually  classed  with  the  Thctnciirows 
dagos  of  the  eye  upon  the  supposition  lliat  tlu-y  protect  *"^  '•yeUO*. 
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thftt  organ  from  tuidao  intensity  of  b'ght,  or  preservo  it  fTora  the 
of  drops  of  sweat.  They  aid  greatly  in  the  expression  of  mental 
tious>  bat  perlutps  Bltould  rather  be  looked  upon  as  among  the 
vestiges  of  the  liaiiy  tegament  whicli  afibrda  a  protection  to  the  entiit 
skin  of  other  nmmmaU  below  man  in  the  animal  series.  The  eyelids 
may  be  described  as  a  pair  of  valves,  the  upper  one  having  a  much  great- 
er latitude  of  motion  than  the  lower.  Their  use  is  to  afford  protection 
to  the  eye  by  closing  entirely  over  it,  more  particularly  during  sleep;  1o 
keep  its  optical  sur&ce  moist  and  free  from  dust  by  their  winking  mo- 
tion. They  are  In-onght  into  action  by  the  contact  of  air  or  of  irritating 
particles,  through  the  tilirca  of  the  tilth  and  lacial  nerves  or  by  the  SCTOcy 
of  light  upon  the  retina.  The  edges  of  the  lids  arc  furnished  with  lows 
of  curved  hairs,  the  eyelashes,  which  add  greatly  to  the  protection  of  tbo 
delicate  organ  beneath,  while  jwrmitting  vision  to  take  place  to  a  ccrtiia 
extent.  Opening  upon  the  edges  of  tlie  eyelids  are  tlic  foramina  of  the 
Meibomian  glands,  in  the  upper  lid  titerc  being  about  thirty,  in  the  lov- 
er Bomcwliat  fewer.  TIic  glands  themselves  are  imbedded  on  the  in- 
ternal surface  of  the  caitLiago  of  tlic  lids,  and  atford  an  oUy  secretion, 
which  discharges  lite  double  duty  of  preventing  adhesion  of  the  lids*  sod, 
by  its  relation  of  capillary  attraction,  hindering  the  o\*erflow  of  the  wttsr 
which  moistens  the  eye  upon  the  cheek. 

Of  the  laclirymai  apparatus,  it  may  be  said  that  in  the  same  maimer 
Ttie  ivhrvmsl  ^^^  ^^  breathe  upon  a  spectacle  glass  and  wipe  it  tint  its 
•ppknuu.  aurface  may  be  perfectly  clean,  so  it  is  necessary  for  the  op- 
tical action  of  the  cornea  that  its  surface  should  he  constantly  washed, 
and  even  more  so,  for  its  lamcllatcd  structure  is  sucli  that,  if  it  be  not 
kept  constantly  damp,  it  loses  much  of  its  transparency.  This  therefore 
renders  it  necessary  that  there  should  be  a  mechanism  for  the  su]»plyof 
Tcater,  another  for  spreading  that  water  uniformly  ovi-r  I  he  surface  of  Uie 
cornea,  and  a  waste-pipe  for  carrying  any  surplus  away.  The  lachiynul 
gland  discharges  the  lirst  of  these  duties.  It  is  situated  In  the  uppa 
and  outer  angle  of  the  orbit ;  its  secretion,  which  is  a  bitter  and  sotoe- 
whnt  sohnc  water,  is  brought  to  the  surtace  of  the  conjuncti\'a  hy  eight  or 
ten  little  ducts  arranged  in  a  row  for  the  purpose  of  equalizing  their  dw- 
chai^  The  spreading  of  this  fluid  over  the  eye,  and  the  simultancoos 
wiping  of  the  surface,  is  nccomphshed  by  the  eyehds.  Usually  the  wa- 
ter tlmt  has  been  employed  is  dissipated  by  evaporation  into  the  sir;  but 
if,  by  reason  of  meteorological  circumstances,  such  as  the  dampncfs  of 
the  atmosphere,  or  by  the  supply  being  too  abundant,  there  should  ui^ 
an  excess,  it  is  carried  off  tliroiigli  two  minate  orifices  which  are  upo&dio 
edge  of  the  eyelids,  the  pnncta  tachrymalia.  These  draw  off  any  ooUectic^n 
of  water  that  tnny  liave  accumulated  in  the  lachrjTnal  lake,  and,  canjing 
it  into  the  lacIirymal  sac,  dischax^  it  througli  the  nasal  duct  into  tb* 
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cavity  of  tlie  nose.  From  thia  it  is  removed  by  evajxiralion,  the  current 
d  air  alternately  introduced  and  expired  affording  the  means  of  accora- 
pU&hiiig  that  object  in  a  remarkable  manner.  But  should  the  sectt^^ou 
of  water  from  the  lachrymal  gland  become  excessive,  as  in  vccping,  this 
draining  mechanism  is  insufficient,  and  the  water  is  discharged  as  tears 
down  tlxc  cheek. 

Of  the  muscles  for  the  movement  of  the  eye,  the  description  lias,  in 
part,  been  given  under  that  of  the  nerves.     It  may,  how-  Motion*  of  Uie 
ever,  he  here  remarked  that  the  eyeball  ia  moved  by  six  <'>'"i>all. 
muscles,  the  four  straight  and  the  two  oblique.     Xiic  straight  muscles 
ariso  at  the  optic  fornincn,  and  arc  inserted  mto  the  Bc-Icrotio  in  the  four 
quadrantal  positions  above,  below,  right,  and  left.     The  action  of  each 
of  these  muiicles  is  to  tarn  the  eyeball  toward  itself;  when  they  contract 
all  together,  they  fix  it.     The  superior  oblique  muscle  arises  from  the 
aame  place,  passes  through  a  pulley  beneath  the  internal  angular  process 
of  tlie  fnmtol  bone,  its  tendon  being  inserted  into  the  sclerotic  near  to 
the  entrance  of  tlie  optic  nerve.     The  inferior  oblique  rises  from  the  in- 
Jttcr  margin  of  the  superior  maxillary  bone,  passes  beneath  the  inferior 
Itraigbt  muscle,  and  is  inserted  into  the  sclerotic  on  its  outer  and  pos- 
erior  part,  near  the  entrance  of  the  optic  nerve.     The  superior  oblique 
nils  liio  globe  inward  and  fonvard,  the  inferior  rolls  it  outward  and  back- 
ward ;  acting  together,  they  dmw  the  globe  fonvard  and  converge  the 
lacea  of  the  eyes.     The  ucnous  supply  for  these  various  muscles  has  &!• 
Bady  been  specified  in  page  334. 


CHAPTER  XXL 

OF  CEREBRAL  SIGHT  OR  INVERSE  VISION. 

fimett  betwtai  vriii$Mrif  I'uthn  ami  eenbrai  iSgAti—Jmxrte  Vimon  drpenda  on  lUe  rexlijpii 
of  ImpreMtioas  eiisluiif  in  tlit  Britim. 
■Utioti  ctf  omr  prrceifitty  ifu-tf  Imprrtninnt  ii  that  tfi^  tNUxt  be  vpuxt  ia  Intrnnlif  to  prtsent 
rSnaoboAj. —  'J\m  ifa/iodio/accoii^iaiiiitfftAiM£q*aU2ation:  Itt^fiy  n-m/breiiiff  tieoldlm- 
ti  id,  by  dimmuthus  tU  prumt  SmtatimM, 
nre  of  i)id  [mprtamam  ia  Skrp,  Feotr^  Daaik. — Artificial  Emtrgtntx  of  twA  Vtstigu  iy 
i^raloxvU  of  SitroytK,  O^iiutn,  rtr, 

f  Sight  wmd  ttUoioyicaUy  to  inSeatt  tht  ImmortaStif  o/'the  SouL 

The  perception  of  external  objects  de])ends  on  the  rays  of  light  enter- 
Dg  the  e^'e,  and  converging  so  as  to  produce  images  which  make  an  im- 
Bsion  on  the  retina,  and,  through  the  optic  nerve,  are  recognized  by 
brain.     The  direction  of  the  influences,  so  far  as  the  observer  is  con- 
aed,  is  from  without  to  within,  trom  the  object  to  the  brain. 

Cc 
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Cut  tlie  inverse  of  Ihia  is  possible.  ImprcAsions  already  cxiatisg  in 
tlie  brain  may  take,  as  it  were,  nn  outward  direction,  and  be  projected 
or  locaIif,od  among  external  tbnna ;  or  if  the  eyes  be  closed,  or  the  oli- 
server  is  in  darkncsSf  they  will  till  up  the  empty  space  before  him  vilh 
scenery  of  their  own. 

Inverse  vision  dt?iKnda  primarily  on  tlie  condition  that  former  impief- 
stons,  whicii  arc  inclosed  in  the  optic  thalomi  or  r^stering  ganglia  at 
the  base  of  the  brain,  assume  sncli  a  degree  of  relative  intensity  tlul 
tlicy  can  arrest  the  attention  of  the  wind.  The  moment  that  an  etjiul- 
ity  is  established  between  the  intensity  of  these  vestiges  and  sensatiau 
contemporaneously  received  from  the  outer  world,  or  tbat  the  latter  ue 
wholly  extinguished,  as  in  slcej),  inverse  vision  occurs,  presenting  itsd( 
as  the  conditions  may  vary,  under  different  forms,  apparitions,  visions, 
dreams. 

From  the  moral  effect  to  whicli  these  give  rise,  wc  are  vciy  liable  to 
regard  them  as  connected  with  the  supernatural.  In  truth,  howerci, 
they  arc  the  natural  result  of  the  action  of  the  nen*ons  mechanism,  which 
of  necessity  produces  them  whenever  it  is  placed,  cither  by  normal,  or 
morbid,  or  artiHcial  causes,  in  the  proper  condition.  It  can  act  either  di- 
rectly, as  in  ordinary  vision,  or  inversely,  as  in  cerebral  sight,  and  in  this 
rcspct  Foscmblcs  tlioso  instruments  wliicli  equally  yield  a  musical  nole 
whether  the  air  is  blown  through  them  or  drawn  in, 

Tlie  hours  of  sleep  constantly  present  us,  in  a  state  of  perfect  healtli, 
Differenre !«-  lllusions  whicli  appear  to  address  themselves  to  the  eye  nuli- 
ur^ftUnfi  n^  *^  ^^^  ^^  *"y  other  sense,  and  these  commonly  combine  iato 
luuoDs.  moving  and  acting  sccnexies,  a  dream  being  tndy  a  dnuat 

of  the  night.  In  certain  states,  appearances  of  a  like  nature  intrude 
themselves  before  us  even  in  the  open  day,  but  these,  being  corrected  by 
the  realities  with  which  they  are  surrounded,  impR'ss  us  very  differently 
to  the  phantoms  of  our  sleep.  The  want  of  unison  between  sueh  im- 
ages and  the  things  among  which  they  have  intruded  themselves,  llie 
anachronism  of  their  advent,  or  other  obvious  incongruities,  rcstraia  the 
mind  from  delivering  itself  up  to  that  absolute  belief  in  their  realiiy 
which  so  completely  ]K>5sesscs  us  in  our  dreams.  Yet,  novertbdess, 
Bucb  is  the  constitution  of  man,  the  bravest  and  the  wisest  encotmtcr 
tliesc  fictions  of  tlieir  own  organisation  with  awe. 

If  we  measure  the  inijiortunco  of  events  occurring  to  us  by  their  fro* 
Frrqnanry  of  ^w*:'!*^/*  I'^e  depth  of  tlie  impression  they  make,  the  iiifla- 
mentai  uuuci*  encc  they  exert  on  our  own  individual  career,  or  liavc  ks- 
erted  on  the  progress  of  the  whole  human  race,  there  a» 
very  few  more  dcscn'ing  the  discussions  of  physiology  than  lisual  hil- 
Ittcinations.  With  resj>cct  to  frequency,  it  may  be  reasonably  said  that, 
if  imagea  arise  in  the  mind  by  night  as  numerously  as  sensible  fonns 
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t  themsdres  by  day,  it  is  not  likely  that  they  should  bo  better 
ie  in  memory ;  but  of  the  thoiiRands  of  objects  wo  encounter  every 
lay  of  oar  lives,  how  fc-vr  there  arc  tliat  we  can  distinctly  recollect  at  its 
iose.  Wo  think  we  explain  this  wonderfnl  forgetfulnesa  by  saying  ve 
ivo  paid  no  attention  lo  them  ;  and,  in  like  manner,  the  dreama  we  re- 
ember  are  jjerhapa  only  a  vcrj'  insignificatit  pi-oportion  of  those  Avhich 
nve  been  presented  to  the  mind. 
It  has  been  said  tliat  a  belief  in  apparitions  is  natural  to  every  man. 
however  much  wo  may  dissent  from  the  correctness  of  such  a  xbHr  moral 
^aieral  assertion,  there  can  be  no  doubt  that  it  Jias  a  fonnda-  '"^^ 
ion  in  truth.  The  faith  of  a  child  in  tl«s  particular  is  only  gradually 
pped  as  he  grows  up  to  l>c  a  man.  Nay,  oven  in  mature  life  there  may 
iways  be  found  those  who  have  an  unwavering  confidence  in  the  reality 
if  these  illusions,  and  many  of  these  aro  persons  characterized  by  their 
Bontl  courage  and  love  of  truth.  I  have  just  remarked  that  few  things 
I  exerted  a  greater  infiucnce  on  the  career  of  the  human  race  than  a 
belief  in  tliese  spiritual  visitations.  The  visions  of  the  Arabian 
ihct  iiavc  ended  in  tincturing  the  daily  life  of  half  the  people  of  Asia 
4  i'Vfrica  for  a  thousand  years.  A  spectre  that  came  into  the  camp  at 
rdis  unnerved  the  heart  of  Urutus,  and  thereby  put  an  end  to  the  po- 
ittcal  system  that  had  made  t!ic  great  republic  the  arbiter  of  (he  world. 
Another,  that  appeared  to  Constantine,  strenpthcncd  his  hand  to  tlic  ac- 
KnnpliBbment  of  that  most  difficult  of  all  the  tasks  of  a  statesman,  the 
testmclion  of  an  ancient  faith. 

Hut  these  were  all  impostures,  it  may  be  said.  Not  so ;  they  were 
lo  imjiostures  of  the  jiersons  to  whom  they  are  reported  to  liave  occurred, 
Bid  who  assuredly  fimdy  believed  in  the  real  existence  of  what  they 
bought  tlicy  saw.  To,  the  two  or  tliree  instances  mentioned  above, 
■MMK^  a  like  kind  might  be  addcrl,  which  ha^t;  issued  in  the  commit- 
{ng  <yf  men  to  the  most  earnest  kind  of  work.  So  often  do  historians 
Soiicc  an  clement  of  this  kind  mingling  in  the  career  of  those  who  have 
Dade  the  deepest  mark  on  our  race,  that  some  are  lo  be  found  who  as- 
sert the  necessity'  of  such  a  condition  to  any  widespread  and  pennanenl 
Mlitical  event.  "Wliatever  we  may  think  of  such  a  conclusion,  the  prem- 
ies on  which  it  is  founded  are  well  worthy  of  our  consideration.  The 
>hysiologist  is  not  at  liljcrty  to  deny  that  lunatic  and  delirious  men  have 
kith  in  what  they  sec.  Their  senses  may  deceive  them,  but  they  are 
lot  impostors.  It  is  for  him  to  consider  how  pliantoms  may  arise  in 
Bonditions  of  apparent  health  as  well  as  in  states  of  disease:  in  the  tran- 
piillity  of  the  solitnrT,'  man  as  well  as  in  the  feverish  excitement  of  the 
nthusiast. 

Visual  hallucinations  are  of  two  kinds,  those  which  are  seen  when  the 
r^  »re  open,  and  those  jwrccivcd  when  they  arc  closed,     t^  \V«.  fai- 
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Arpiiritiotu  mer,  the  designation  of  apparitiona;  to  the  latter,  that  of  vi?- 
ml  viuMM.  Jons  may  be  given.  Dreams  tbcreforc  como  under  the  kocr 
class. 

The  simplest  form  of  apparition  is  that  known  among  physicians  as 
Miuc9  voll-  mascte  voUtantes.  These  are  dat^  specks,  like  dies.  irMcL 
iwius.  seem  to  be  floating  in  a  dcTious  course  in  the  air.     They  we 

owing  to  disturbances  or  changes  in  the  retina.  They  often  appear  to 
occupy  the  d^nng. 

Of  visions  the  most  common,  because  they  can  bo  voluntarily  pn>- 
R«tnainj  of  op-  duccd,  arc  those  which  depend  on  the  remains  of  imprcsstou 
lie  imprunious.  jn  the  rctinft  and  optic  centres.  If,  when  wo  awtdcc  in  the 
morning,  our  eyes  are  tunied  for  a  moment  to  a  window  or  other  bright 
object,  and  then  closed,  there  still  appears  to  the  mind  a  spectral  rcpR- 
ecntntion  of  the  object,  which  gradually  fades  away.  These  illusions  can 
bo  caused  to  have,  as  it  were,  a  movement  in  ttie  dark  space  before  ns, 
answering  to  the  voluntary  rotation  of  the  eyeball.  Sometimes,  irbm 
tlic  light  is  not  sufficiently  intense,  or  the  ner^-ous  organs  not  sensitive 
enough,  the  -s-ision  doc-s  not  make  its  appearance  on  the  closing  of  the 
eyelids,  but,  after  fastening  tho  attention  on  the  ]X)sition  in  which  it  is  ^- 
5Mt  of  BPptri-  P<^*cd  to  come,  it  slowly  emerges  at  last  That  it  coosiBtB 
doni  ftnd  vU.  in  a  real  impression  which  has  been  mode  on  those  orpmSi 
'*''  and  is  not  a  mere  product  of  the  unaided  imnginatioa,  is  ven- 

clear  from  the  fact  that  we  may  discern,  by  atteati\'ely  considering  it 
many  Utile  peculiarities  which  wo  have  not  had  time  to  notice  in  tlic 
original  object ;  thus,  if  thtre  has  been  a  lace  curtain,  or  other  such  well- 
marked  body  before  us,  we  can  not  only  sec  in  the  lision  the  ^iaees 
where  its  folds  intersect  the  windows,  but  likewise,  if  the  impression  Ik 
a  gowl  one,  all  the  ^xrculinrities  of  its  lignro^  pattern ;  and  that  our 
conclusions  in  these  rc<^pcct3  arc  correct  is  proved  as  soon  as  m  re^pei 
,  our  eyes. 

Between  apparitions  and  visions  is  an  intermediate  class,  of  whidi  ii 
-^^  is  not  my  object  now  to  say  much ;  they  may,  however,  I* 

styled  deceptions.  These  take  their  origin  in  some  oatward 
existing  reality,  and  arc  exaggerations  of  the  fancy.  They  are  comnionij 
encountered  in  the  evening  twilight,  or  in  places  feebly  illuminated.  Sir 
W,  Scott  says  of  children  that  lying  is  natural  to  them,  and  that  to  tell 
the  tmth  13  an  acquired  habit.  If  they  arc  thus  by  nature  prone  to  Ao- 
ceivc  those  around  them,  they  arc  none  the  less  prone  to  decavc  tlicni- 
selvca.  To  them,  a  white  object,  faintly  descried  in  the  obscurity,  ia 
easily  expanded  into  a  moving  and  supernatural  thing. 

In  a  physiological  sense  I  consider  that  simple  apparitions  arise  from 
disturbances  or  disease  of  the  retina;  visions  from  the  traces  of  im- 
pressions inclosed  at  a  former  Vimti  m\lwi  cor^ra  quadrigemina  and  op- 
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tlialami.     In  tlieir  most  liighly-markcd  state  the  former  may  be 
led  of  as  results  of  insanity  of  tlie  retina,  the  latter  as  of  cerebral 

lOO, 

Disturbance  of  tlic  rclina,  brought  on  by  any  cause  wliatcver,  may  give 
to  simplu  Bpcctnil  apnaritioui.  wbiclt,  as  the  clrcunistances    . 

-Ml  •     1     ■    ■  ....  Aiipinhotui 

itge,  will  luive  ail  inut^tmitc  contour  or  a  dennite  lonn  :  nor  rrum  rviiimi 
■re  they  merely  shades  nnd  shadows :  they  may  be  presented  '*'**'^''""^- 
in  colors,  which,  however,  ai*e  usually  dim  or  subihicd.     Tiius,  if,  the  eye- 
Ud3  being  closed,  wc  press  gently  with  the  tip  of  the  finger  on  the  inner 
or  outer  angle  of  one  of  the  eyes,  a  gray  spot  surrounded  by  colors  mokes 
s{ipcarnni%  on  the  opposite  side  of  llie  same  eye,  and  dances  about  as 
pressure  of  tlic  tinger  varies.     With  a  more  extensive  and  heavier 
sure  clouds  of  various  rainbow  tints  fill  up  all  the  imaginary  space 
fore  us.     In  like  manner,  the  passage  of  an  electric  current  from  a  vol- 
ic  pair  iuducos  a  flush  of  light  of  considerable  brilliancy.     Internal 
asurcs  and  spontaneous  variations  in  the  rate  of  metamorphosis  and 
trition  of  the  retina  act  in  a  manner  analogous  to  external  disturbances. 
From  the  inuscae  volitantcs,  wliicli  may  be  regarded  os  the  tirst  rudi- 
ments of  opparilions,  it  is  but  a  step  to  the  intercalation  of  simple  or  even 
grotesque  imager  among  the  real  objects  at  which  wc  arc  looking ;  and. 
indeed,  this  is  the  manner  in  which  tlwy  always  offer  themselves,  as  rest- 
ii^  or  moving  among  the  actually  existing  things.     I  do  not  undertake 
»ay  how  far  we  are  liable  to  practice  dccqition  upon  ourselves,  after 
manner  we  have  spoken  of  in  children,  when  we  have  once  detected 
fact  that  wc  are  liable  to  this  infirmity.     An  inanimate  object — for  in- 
toc,  a  stick — is  seen  upon  the  floor;  we  go  to  take  it  up;  we  find  there 
nothing  there ;  we  return  to  our  first  position,  but  we  can  obser\'c  no 
adow  or  other  reality  that  can  be  oflcred  as  an  explanation  of  wliat  wc 
have  seen.     An  event  of  tliis  kind  predisposes  ua,  perltaps,  to  return  to 
t  disposition  of  exaggeration  so  natural  to  our  early  life,  and  the  next 
le  the  retina  deceives  us  wc  involuntarily  ^vc  to  the  lutUuclnation  mo- 
ion  and  &  more  definite  form. 
Inwcti*  flying  in  tlie  nir.  or,  rather,  floating  in  vacancy  before  us,  pre- 
nt  tiic  incipient  form  of  retinal  malady.     It  may  be  provoked  by  un- 
due use  of  the  cyes^  as  reading  by  lamp-light.     I  remark  it  constantly, 
ifta  my  own  case,  after  prolonged  use  of  the  microscope.     In  a  more  ag- 
^^vatcd  form,  it  less  frequently  occurs  as  producing  stars  or  sparks  of 
light.     From  the  earliest  times,  physicians  have  observed  that  it  is  a 
bod  sign"  when  the  patient  localizes  these  images.      **  If  the  sick  man 
ys  tljcre  be  little  holfa  In  tlie  curtains,  or  black  S|>ot3  on  Ills  bcd- 

I,  tlxen  is  it  plain  that  liis  end  is  at  hond.^ 
Under  the  title  of  pseudoblcpsis,  or  false  vision,  medical  anthors  cnu- 
icrate  several  varieties  of  the  foregoing  plienomena;  but  vrUtn,  aft  v». 
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Co-pKhtKnee  most  coiiimonly  tlio  case,  the  dcrangi-mcnt  wliich  gives  origin 
finitv  anJ  OCT-  ^^  ti"^^*^  appearances  is  not  limited  to  the  retina,  but,  arising 
eiinii*si>;hi.  in  sotnc  constitational  affection,  invoUx*  more  or  less  com- 
pletely the  entire  nervous  apparatus  ol'tltc  eye,  retinal  insanity  and  ociehnl 
vision  occur  together.  In  those  cases  which  have  been  investigated  ia 
n  philosophical  manner  by  the  patients  themselves,  this  compUcatioB  is 
of^en  distinctly  recognized.  Thus  Nicolai,  the  Prussian  bookseller,  wfao 
published  In  llie  ilemoira  of  the  Royal  Academy  of  Berlin  an  iiiteresiii^ 
account  of  hLi  own  sulfering?,  states  tltat,  of  the  apparitions  of  men  and 
women  ^vith  which  lio  was  troubled,  there  were  some  which  disappeared 
on  shutting  the  eyes,  bat  some  did  not  In  such  a  case  there  can  be  no 
doubt  that  the  disease  affected  the  corpora  quadrigcmina  and  the  optic 
thalami  as  well  as  the  retina. 

This  condition,  in  wliich  the  receiving  centres  and  rrgi^tciing  jpng-Ib 
at  the  base  of  the  brain  arc  engaged,  js  the  one  which  yields  tiic  most 
strikiug  iustancca  of  hallucinations  in  which  apparitions  and  visions  co- 
Brouuiit  on  or-  cxist.  It  cau,  liko  tho  less  comjdicatcd  forms,  bo  bronglit 
'"l"f"*'I'-^'*''  on  artificially,  as  in  tho  delirium  tremens  which  follows  u 

rtrbol,  f|iiuni, 

Ac  cc'ssation  from  tho  customary  use  of  alcohol,  or  in  the  exalt- 

ation by  tho  pur])Osed  administration  of  opium  or  otlicr  drugs.  In  thts. 
as  in  tliosc  fonns,  it  is  the  localization  of  the  phantom  among  the  bodies 
and  things  around  us  tliat  bi^ns  to  gi^'o  power  to  the  illusion.  Tbe 
ibnn  of  a  cloud  no  bigger  than  the  liand  is  perhaps  tirst  seen  tloalii^ 
over  the  carpet,  but  this,  as  the  eye  follows  it,  takes  on  a  sJiorp  contooi 
and  definite  shape,  and  the  euHcrer  sees  with  dismay  a  moping  ra\Tn  on 
some  of  the  more  distant  articles  of  furniture.  Or,  out  of  an  indistinct 
cloud,  faces,  sometimes  of  surprising  loveliness,  emerge,  one  face  succcetl- 
ing  as  another  dies  away.  The  mind,  ever  ready  to  practice  impostor: 
upon  itself,  will  at  last  accompany  tito  illusion  with  grotesque  or  evm 
dreadful  inventions.  A  sarcophagus,  painted  after  the  manner  of  the 
Kgj'ptians,  distresses  the  visionary  with  the  rolling  of  its  eves.  31artiu 
Luther  thus  more  Than  once  saw  Ihc  devil  under  the  well-known  form 
popularly  assigned  to  him  in  the  Middle  Ages. 

As  tho  nervous  centres  have  been  more  profoundly  involved,  thew 
VuintiinrralM  vi-'*'^"^  Iiecome  more  impressive.  Instead  of  a  soUtaiy 
orcxaKtrcrntca  phantom  intruding  itself  among  recognized  realities,  as  tbfl 
■o>Mr>.  shade  of  a  deceased  friend  opens  the  door  and  noiaclcasly 

steps  in,  the  complicated  scenes  of  a  true  drama  arc  displayed.  Tfae 
brain  becomes,  as  it  were,  a  theatre.  According  as  the  travel  or  the 
reading  of  the  sick  moji  may  have  been,  tho  illusion  takes  a  style :  black 
vistas  of  Oriental  architecture,  that  stretch  away  into  infinite  night;  teni' 
pies,  and  fanes,  and  the  battlemented  walls  of  cities  ;  colossal  Pharaohs, 
sittm^  in  everlasting  sUeuce,  with  tUcir  hands  upon  their  knees. 
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.w,"  Buya  Dc  Quincey,  in  hU  CoiifessionB  of  an  Opium-calcr,  *'  aa  I  lay 
kwake  m  bed,  vast  processions,  that  passed  along  in  mournful  pomp ; 
ricxes  of  never-ending  stories,  that  to  my  feelings  were  as  sad  and  sol- 
inn  aa  if  they  were  stones  draisii  from  times  before  CKdipus  or  Priam. 
letbre  Tyre,  before  3Itimplus;  aud,  at  the  same  timCf  a  corresponding 
^unge  took  place  in  my  dreams ;  a  theatre  seemed  suddenly  opened 
md  lighted  up  nilhin  my  brain,  which  presented  nightly  spectacles  of 
Viorc  than  earthly  splendor." 

Apparitions  arc  the  result  of  a  false  interpretation  of  impressions  con- 
em  poraneously  made  on  the  retina ;  visions  are  a  presentment  of  the 
relics  of  old  ones  which  yet  remain  in  the  registering  ganglia  of  the 
irain.  We  convince  ourselves  of  tiio  truth  of  this  general  assertion  not 
K>  well  from  an  examination  of  one  or  more  well-related  or  authenticated 
Itaea  sa  from  what  may  be  termed  tiic  natural  history  of  ghosts.  The 
Greeks  and  Romans  of  antiquity  were  just  as  much  liable  to  Secular  varia^ 
^orders  of  the  nervous  system  as  we  aro,  but  to  them  su-  {1^"",'^*^^^ 
Rmatnral  a]j[iearances  cume  under  mythologic  foniis,  Venus,  tumc  of  (piriti. 
nd  ilars,  and  JMinerva,  The  places  of  these  were  taken  in  the  dreams 
tf  tlio  ascetics  of  the  Middle  Ages  by  phantoms  of  the  Virgin  and  of  the 
Minis.  At  a  still  later  time,  in  Northern  Kuro[>e,  and  even  in  England, 
Irhere  the  old  pagan  superstitions  are  scarcely  yet  ixioted  out  of  the  vul- 
fu  mind,  even  thougli  the  Reformation  has  broken  the  system  of  ccclesi- 
Mtical  thouglit,  fairies,  and  brownies,  and  Itobin  Goodt'eltow  survive. 
Che  form  of  phantoms  has  changed  with  change  of  the  creeds  of  commu- 
Dtics,  and  we  may  therefore,  with  good  lieginald  Scot,  inquire,  '*If  the 
l^parilions  which  have  Iwcn  seen  by  true  men  and  brave  men  in  all  ages 
pf  the  world  were  real  existences,  what  Ims  become  of  the  swarms  of 
Khcm  iu  these  latter  times  ?" 

Ono  class  of  afiparitions — perhaps  it  was  the  6rst  to  qx'hU  as  it  is  the 

ftat  to  remain — has  sun-ivcd  all  these  changes — survived  them  because 

$t  \B  connected  with  n  thing  that  never  varies — the  atfeclion  of  tlic  hu- 

iDan  heart.     To  the  people  of  every  age  the  images  of  their  dead  have 

appeared.     Tlicy  arc  not  infrequent  even  in  our  own  times.     It  would 

be  an  ungracious  task  to  enter  on  an  examination  of  the  best  aullicnti- 

bBted  of  such  anecdotes.     Inquiriea  of  this  kind  can  scarcely  be  freed 

from  the  liabiUty  to  an  imputation  on  personal  veracity,  perceptive  pow- 

Br,  or  moral  courage ;  and,  after  all,  it  is  not  necessary  to  entangle  our- 

telvea  with  tlieso  causes  of  oflense.     It  ifl  enough  for  us  to  perceive  that 

even  hero  inconpiiities  may  be  pointed  out.     The  Koinan  saw  tJic  shade 

pf  his  friend  clothed  in  the  well-known  toga ;  the  Kuropeou  sees  his  in 

DUr  own  grotesque  garb.     The  spirit  of  Maupertuis,  which  stood  by  the 

my  window  of  the  library  at  licrlin,  bad  on  knce-brceclies,  silk  slock- 

Dg3«  and  shoes  with  large  silver  buckles.     To  the  plulosophcr  it  may 
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pcrlinps  occur  that  it  is  very  doubtful  if,  among  the  awfttl  solenmilies  of 
the  other  world,  the  fashions  ever  vary.  Let  ua  pause  before  we  cary 
the  vamties  of  life  beyond  the  grave. 

I'Vom  sucli  rt'Qcctions  as  tiic  preccdiug',  I  tlunk  it  may  therefore  U 
concluded  tliat  there  ore  two  sources  from  whicli  speetral  appeanuiccs  ax 
derived :  1st.  Disturbance  of  the  retina,  which  presents  masses  of  light 
and  ahnde  or  colors  to  tlie  mind,  and  these  arc  worked  by  the  fancy  into 
definite  forms  on  the  same  principle  that  we  figure  to  ourselves  pictures 
of  faces  among  glowing  embers.  This  constitutes  retinal  insanity.  Sd. 
Gradual  emergence  from  the  regUtering  ganglia  of  the  brain  of  old  im- 
pressions, which  arc  rendered  as  inlcnsc  and  distinct  as  coDtcmporascoos 
sensations.  The  two  forms  may,  however*  coexist.  Of  the  latter,  I  naj 
observe  that  fhe  views  of  Dr.  Ilibbert,  in  liis  work,  on  Apparitions,  appon 
to  me  to  approacli  nearer  to  tlic  truth  than  those  of  any  other  author.  It 
will  be  perceived,  however,  after  perusing  his  interesting  book,  that  I  hiTc 
not  laitl  the  stress  he  has  done  on  tlic  mechanical  influence  of  the  circu- 
lation of  the  blood,  but  view  the  effect  as  of  o  more  purely  nervous  kin^. 

As  the  emergence  o(  old  images  wliich  hove  Iteen  rcgistered  in  the  op- 
tic thalami  is  not  only  connected  vnth  the  physiolo^cal  explanations  v« 
liave  gi%en  of  tlic  functions  of  the  brain,  but  also  occurs  under  cimnD- 
slanccjt  of  such  singularity  as  to  l>ordcr  upon  the  supernatural,  we  may 
pursue  the  consideration  of  it  a  little  farther.  It  may,  I  think,  be  brosd- 
AllH)Mtrftlin-  ^^  ttMcrled  that  all  spectral  appearances  refer  to  thingfl  thit 
l»wumnc«> nfiir  are  past,  persons  who  are  dt^ad,  events  which  Iinvc  takeo 
to  pMt«vBot«.  pj^(jg^  scenes  that  wo  have  visited ;  or,  if  we  have  not  seen 
the  actual  reality,  then  pictures,  statues,  nr  other  such  rcprescntatioDS 
thereof.  It  lias  never  yet  occurred  tliat  ony  one  has  seen  a  phantom  the 
indications  of  the  bodily  presence  or  representation  of  which,  until  thit 
moment,  he  had  never  known.  Thu.s  in  the  Middle  Ages,  the  spectra 
of  African  negroes  were  common  enough,  but  no  man  over  witnessed  one 
of  an  American  Indian,  yet  these,  in  their  tiun,  prevailed  after  tho  voy- 
age of  Columbus.  Thoy  were  no  stnmgcrs  to  the  early  colonial  scttkn. 
The  same  may  be  said  of  all  kinds  of  inanimate  objects. 

As  illustrating  the  manner  in  whicli  impressions  of  tho  past  mjr^ 
...  .  .  emerge  from  the  registering  ganglia,  I  sliall  iicre  fiimiyh  an 
lb*  •mcrKcncv  instoiico  wliicli  burdcrs  closely  U])0u  the  supernatural,  and 
ioM**!'"'!' mf.  ^'^^^y  feprcsenls  tho  most  marvelous  of  these  ps>xhol<^>cal 
etition  of         phenomena.     It  occurred  to  a  physician,  who  related  it  in 

""*"  my  hearing  to  a  circle  whose  conversation  liad  turned  on  the 

subject  of  personal  fear.  "  What  you  are  saying,"  he  romarked,  •*inay 
be  VCT}*  true,  but  I  can  assure  you  that  the  se.ntiment  of  fear,  in  its  ut- 
most degree,  is  much  less  common  than  yon  snjipose ;  and,  though  you 
wny  he  surprised  to  hear  me  say  it,  I  know  from  personal  experience  that 
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this  U  certainly  so.  AVIicn  I  was  five  or  six  years  old,  I  drcaraoJ  tliat  I 
WBB  passing  by  a  large  pond  of  water  in  a  very  politary  place.  On  the 
opposite  side  of  it  there  stood  a  great  tree,  that  looked  as  if  it  had  been 
stmck  by  lightning ;  and  in  the  pond,  at  another  part,  an  old  fallen  trunk, 
on  one  of  the  prone  limbs  of  wliich  there  was  a  turtle  sunning  him.^elf. 
On  a  sudden  a  wind  arose,  which  forced  me  into  the  pond,  and  in  my  dy- 
ing straggles  to  extricate  myself  from  its  green  and  sUmy  waters,  1  awoke, 
trenihling  with  terror, 

**  About  eight  years  subsequently,  wliile  recovering  trom  a  nearly  fatal 
attack  of  scorLet  fever^  this  dream  presented  itself  to  me,  identical  in  aU 
eespeuta,  again.  Kvcn  up  to  this  time  I  do  not  think  I  had  ever  seen 
a  living  torloiKO  or  turtle^  but  1  indistinctly  remembered  thcru  was  the 
jMCturc  of  one  in  the  first  sjielling-book  that  had  been  given  me.  Per- 
haps, on  account  of  my  critical  condition,  this  second  dream  impressed  me 
more  dreadfully  than  the  first. 

'•A  dozen  years  more  elapsed.  I  had  bocomo  a  physician,  and  was 
now  actively  jiursuing  my  professional  duties  in  one  of  the  Southern 
states.  It  60  fell  out  that  one  July  afternoon  I  had  to  take  a  long  and 
wearisome  ride  on  horseback.  It  was  Sunday,  and  extremely  hot ;  the 
path  was  solitary,  and  not  a  house  for  miles.  TJic  forest  liad  tliat  in- 
tense silence  which  is  so  characteristic  of  tliis  pait  of  the  day ;  all  the 
wild  animals  and  birds  seemed  to  have  gone  to  their  retreats,  to  be  rid  of 
IIm  heat  of  the  sun.  Suddenly,  at  one  point  of  the  road  I  came  upon  a 
great  stagnant  watei>pool,  and,  casting  my  eyes  across  it,  there  stood  a 
pino-trve  blasted  by  l^htning,  and  on  a  log  tliat  was  nearly  even  witli 
tKe  sorfacc,  a  turtle  was  basking  in  the  sun.  The  dream  of  my  infancy 
was  upon  me ;  the  bridle  fell  from  my  hands  ;  an  unutterable  fear  over- 
shadowed ine  as  1  slunk  away  from  tlic  accursed  place. 

''Though  business  occasionally  afterward  would  have  drawn  me  tliat 
w»y,  1  could  not  summon  the  resolution  to  go,  and  actually  have  taken 
roundabout  jiatlis.  It  seemed  to  mc  profoundly  amazing  that  the  dream 
that  I  had  Iiad  should,  after  twenty  years,  be  realized  witliout  respect  to 
difference  of  sccncrj-,  or  climate,  or  age.  A  good  dergjman  of  my  oc- 
qa&intaDcc  took  the  opportunity  of  improving  the  circumstance  to  my 
ipiritnal  advantage ;  and  in  his  kind  enthusiasm,  for  he  knew  that  1  had 
more  than  onco  Ix^en  brought  to  tite  jxiint  of  death  by  amJi  fevers,  inter- 
pnted  my  dream  that  I  siioiild  die  of  marsh  miasm. 

"Most  ]>ersons  have  doubtless  observed  that  they  suddenly  encounter 
circnmstauccH  or  events  of  u  1ri\ial  nature  in  their  course  of  life  of  which 
they  have  an  indistinct  nrcollection  that  they  have  dreamed  before.  It 
Kerned  for  a  long  time  to  mo  that  this  was  a  caso  of  that  kind,  and  that 
it  roiffht  lie  set  down  among  the  mysterious  and  unaccountable.  Jlonr 
wonderful  it  is  that  we  so  often  fail  to  see  the  simple  explanation  of 
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things,  when  tliat  cxphinalion  U  octunlly  intruding  itself  before  tis.  AlA 
so  in  thiii  case ;  it  was  long  before  the  truth  gleamed  in  upou  me,  liefon 
my  reasoning  powera  shook  off  tlie  delusive  impressions  of  my  senses. 
But  it  occurred  at  last ;  for  I  said  to  myself,  la  it  more  probable  tluit 
sucJi  a  mystery  is  true,  or  that  I  have  dreamed  for  the  third  time  thnt 
which  I  had  already  dreamed  of  twice  before  ?  Have  I  really  seen  tLc 
blasted  tree  and  the  sonning  turtle  ?  Are  a  weary  ride  of  tifty  miles, 
the  noontide  heat,  the  silence  that  could  almost  be  felt,  no  provocatives 
to  a  dream  ?  I  liavo  ridden  under  such  circumstances  many  a  mile,  &5t 
asleep,  and  have  awoke  and  known  it ;  and  so  I  resolved  that  if  ever 
circumstances  carried  me  to  those  parts  again,  I  would  satisfy  myself  as 
to  the  matter. 

"Accordingly,  when,  after  a  few  years,  an  incident  led  mc  to  trovd 
there,  I  revisited  the  wcll-remembcrcd  scene.  Tlicre  still  waa  the  stag- 
nant pool,  but  the  blasted  puic-trcc  was  gone ;  and  after  I  bad  pushed 
my  horse  through  the  marshy  thicket  as  far  as  I  could  force  him,  m^ 
then  dismounted,  and  pursued  a  close  investigation  on  foot  in  every  di- 
rection round  the  spot,  I  was  clearly  convinced  that  no  pine-tree  had  ever 
grown  there ;  not  a  stump,  nor  any  token  of  its  remains,  could  be  seen ; 
nnd  fio  now  I  have  concluded  tha^  at  the  glimpse  of  the  water,  with  tie 
readiness  of  tliose  who  are  falling  asleep,  I  had  adopted  an  external  fact 
into  a  dream ;  that  it  liad  aroused  ttic  trains  of  thought  which,  in  fgniHr 
years,  had  occupied  me  ;  and  that,  in  fine,  the  mystery  was  all  a  delusion, 
and  that  I  had  been  frightened  with  leas  than  a  shadow." 

Tlie  instructive  story  of  this  physician  tcaclics  us  how  readily,  and  yti 
how  impressively,  the  remains  of  old  idwis  may  Ims  recalled ;  how  ti«y 
may,  as  it  were,  be  projected  into  the  space  beyond  us,  and  take  a  pom- 
lion  among  existing  realities.     That  such  images  arise  from  a  phvatcai 
impression,  which  has  formerly  been  made  in  the  registering  ganglia,  it 
is  impossible  to  doubt,  and  that  for  tlieir  emergence  from  their  dormant 
state  it  is  necessary  that  there  should  bo  a  dulling  or  bluntina  of  coa- 
BqudlxBiion  of  temporancous  sensations,  so  that  these  latent  relics  nay 
Aid  imprcMiuDi  present  themselves  with  a  relatively  equal  force.     This 
Uuns  Mc«Mary    equalization  01  the  mtcnsity  of  an  old  impression  wttb  ft 
fwvWoM.        present  sensation  may  be  brought  about  in  two  diflSexent 
ways:   1st.  lly  diminishing  the  force  of  present  sensations,  as  wfaeqira 
UodiHtoroc  are  in  a  reverie,  or  have  fidlen  asleep,  or  by  breathing  vapon 
thIIi''!qS   uJisuited  for  the  support  of  respiration ;  2d.  By  inci«wing  the 
Miioii.  activity  of  those  parts  of  the  brain  in  wbicli  the  old  impres- 

sions arc  stored  up.     On  each  of  these  a  few  remarks  may  be  made. 

Cerebral  vision  depends  on  an  equalization  in  intensity  between  pres- 
ent sensations  and  old  impressions.  iSo  long  as  the  fonncr  pntlominiUc 
ia  power,  the  latter  excite  uo  attention  or  are  wholly  overlooked.     This 
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ndilion  is  illustrated  by  such  facts  as  that  the  liame  of  niiutraUoi»or 
candle,  held  againat  the  sun^  is  utterly  overpowered  ond  l,"^^!^^^, 
perceptible,  but  is  sceu  of  [is  proper  Lrightness  when  it  mcii  oUiar. 
in  presence  only  of  anotbcr  flame  like  itself;  or  as  the  stars,  which 
concealed  by  day,  are  ]>lain  enougii  ivlien  the  sun  sets.  Ancient  im- 
isiona,  harbored  in  the  optic  thalnmi,  can  not  make  tlienisclvcs  felt 
St  sensations  just  establisliing  tlicmselves ;  for  as,  when  we  have 
id  at  a  bright  window  and  then  closed  our  eyes,  the  retinal  phantom 
becomes  paler  and  paler,  and  after  a  while  dies  out,  so  do  cerebral 
undergo  a  dimination  of  intensity  with  lapse  of  time,  though  it 
y  be  questioned  whether  they  ever  entirely  wear  out.  The  law 
.vhich  obtains  in  oui  economy  for  other  organs  of  sense  apjfUes  in  these 
too.  Even  in  contemporaneously-occurring  sensations,  uidcss  there 
Boiuelhtng  like  an  equality  between  them,  the  weaker  makes  no  im- 
ion  upon  us.  In  the  presence  of  a  bright  light,  a  less  brilliant  one 
in  not  be  socn ;  a  feeble  sound  is  made  inaudible  by  an  intensely  loud 
one ;  minute  variations  of  tcraperature  become  imperceptible  when  we 
Ate  submitted  to  a  great  heat  or  cold.  Ideas  are  no  mote  than  tlic  vcs- 
[tiges  of  what  were  once  sensations,  and  are  subjected  to  the  same  phys- 
ical  law.  For  them  to  become  embodied,  and  to  cheat  titc  mind  into  a 
belief  of  their  rc-existenoc,  equivalent  in  all  r^ords  to  outward  and  actu- 
iftily-cxisting  things,  the  impressions  of  tiicsc  latter  must  be  diminished 
in  their  power,  or  the  vigor  of  the  forme.*  must  be  re-cnforccd. 

So,  when  we  are  passing  away  in  sleep,  the  organs  of  sense  no  longer 
convey  their  special  impressions  with  the  clearness  and  force  p„^,^o«  of 
itbat  they  did  in  our  waking  hours,  and  tliis  gives  to  the  de-  uMiniprvnions 
laying  traces  whicJi  are  stored  in  the  registering  ganglia  the    °  *  '"^'*" 
|iower  of  drawing  upon  themselves  the  attention  of  the  mind. 
I     So,  likewise,  in  the  delirium  of  fevers,  the  spectral  phantoms  which 
tble  the  sick  are  first  seen  when  the  apartment  is  dark-  j,^^^^    ^^^  ^^ 
and  kept  silent,  and  csjH.'cially  when  the  patient  closes  oioimpniMjans 
Until  the  senses  arc  more  completely  overwiielm-  JJfc>"eli'i",i'i" 
these  shadows  will  disappear  on  brightly  illuminating  «i»«anidc<rf 
ttlie  room  or  on  opening  the  eyes.     And  so,  loo,  in  the  hour 
>of  death,  when  outer  things  arc  losing  their  force  upon  the  dim  eye,  and 
HJuil  car,  and  worn-out  body,  images  that  have  reference  to  the  manner 
^of  our  past  life  emerge;  the  iimoccnt  and  good  being  attended  in  their 
solemn  journey  by  visions  in  imison  with  their  prior  actions  and  thoughts, 
4ha  evil  with  scenes  of  terror  and  despair ;  and  it  is  right  that  It  should 
lio  so. 

i  Tfao  enfeebling  of  sensations  which  we  ore  in  the  act  of  receiving 
irom  external  sources,  so  as  to  bring  them  on  an  equality  with  those 
•which  have  been  long  ago  impressed,  not  only  occurs  in  the  condition. 


Emercenct  of  of  sleep,  and  in  the  article  of  death,  but  mny,  in  a  tenipoTwr 
b^inSldftl*"'  wanner,  be  established  by  resorting  to  o^rtaia  physial 
mums.  agents  and  drags.    Pressure  upon  the  brain*  cither  accident* 

ally  or  purposely  applied,  is  well  knon'n  to  produce  such  a  result,  and, 
in  like  manner,  the  inhalation  of  iiirioua  agents,  such  as  pure  hydrogm 
gns»  the  vapor  of  ether  or  ciUoroform,  or  other  non-supporters  of  respua» 
tion.  On  breatliing  these  substances,  anaesthesia  is  soon  induced:  the 
exteniul  world  disappears ;  and,  on  carrying  tor^vard  the  operation  to  > 
diiG  extent,  the  mind  and  the  brain  are  literally  left  to  ibemselves.  Opium 
acts  in  like  miumer,  more  particularly  in  the  case  of  those  who  have  ac- 
customed themselves  to  its  undue  use.  It,  however,  not  only  blunts 
the  force  of  new  impressions,  but  exerts  a  positive  agency  in  intensi^iiag 
the  decaying  remains  of  old  ones.  Under  its  full  intluenoe,  the  true  re- 
lations of  space  and  of  time  disappear:  a  century  of  events  is  b\*ed 
fiirough  in  a  single  night;  the  vision  can  comprehend  distances  ap- 
proaching to  the  infinite ;  and  yet,  under  those  circimi stances,  the  miwl 
docs  not  perceive  a  riot  of  incongruous  combinations,  but  every  thing  is 
presented  in  a  methodical  and  orderly  way — pictures,  all  the  part«  of 
wtiidi  are  in  just  proportions  and  severe  keeping  to  each  other,  and  long 
sequences  of  events  which  maintain  a  mutual  liarmony, 

IJut,  as  I  have  just  reraarke<l,  tlie  etjualization  of  new  seDsations  villi 
Artiftdally  in-  ^^^  impressions,  which  is  necessary  for  pliantom  appcarancei, 
chn«ca  ftinr-  (^p^  ^i,g  incarnation  and  outward  locali/^ition  of  ideas — that 
ofibe  brain  in-  19,  cerebral  vision — may  lake  place  by  heightening  or  rensi- 
"**■"  '^*"'  forcing  the  old  impressions,  as  well  as  by  diminishing  the 
intensity  of  tho  new  sensations ;  and  as  in  the  former  case,  so  in  (his,  tbi 
result  can  be  reached  in  many  diflcrcnt  ways.  Whatever  will  cause  in- 
creased functional  activity  of  the  cerebral  structure  may  recall  these  old 
images  in  force.  It  is  almost  unnecessary  to  allude  to  the  delirium 
which  attends  inflammatory  states  of  the  brain.  ^VrtiHcial  cxpcrimeotB 
are  more  instructive. 

For  the  [nir|)osc  of  increasing  the  functional  activity  of  the  cerebnl 
CAMorproiAx-  Structure,  protoxide  of  nitrogen,  by  reason  of  its  greater  soltt- 
iilewrulirojftn.  Ijility  ill  the  blood,  exceeds  in  power  even  oxygen  gss  itseUl 
This  suhstimcc,  wlien  respired,  at  once  awakens  long  trains  of  vivid  ideas, 
the  recollection  of  all  kinds  of  former  scenes.  Its  action  is  divisible  into 
two  periods,  the  first  corresponding  to  tlio  heightened  sensibility  arising 
trom  tlie  increased  oxidation  it  is  establishing  in  the  economy,  the  seo- 
ond  to  the  depression  whicli  soon  comes  on  through  the  consequent  ac- 
cumulation of  carbonic  acid,  and  which  the  lungs  and  skin  arc  unable 
with  suCBcicnt  quickness  to  remove.  Sir  H.  Uuvy,  who  first  recognized 
its  physiological  power,  has  given  us  a  graphic  description  of  tliese  ef- 
fects.     Ho  says,  **  A  thrilling,  extending  trom  the  chest  to  tho  extiemi- 
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ies,  WAS  ftlmost  immediately  prodnoed.  I  felt  a  sense  of  tangible  exten- 
Inon,  highly  pleasurable,  in  every  limb.  My  visible  impre^siom  were 
dazzling  and  apparently  inagnihcd.  I  heard  distinctly  cvcrj-  sound  in 
the  room,  and  was  perfectly  aware  of  my  situation.  By  degrees,  as 
the  plcni^urable  sensation  increjused,  T  lost  all  connection  with  external 
things ;  trains  of  vivid  visible  imager  rapidly  passed  through  nty  mind, 
•nd  were  connected  with  words  in  such  a  manner  as  to  produce  sensa- 
4ions  j»erfectly  noveL  I  existed  in  a  world  of  newly-connected  and 
newly- moditicd  idens.  When  I  was  awakened  from  tliia  scmi-delirioua 
jtnnce  by  Dr.  Kinglake,  wlio  took  the  bag  from  my  mouth,  indignation 
And  pride  were  the  first  feelings  produced  by  the  sight  of  the  persons 
about  me.  Sly  emotions  were  enthusiastic  and  sublime,  and  for  a  mo- 
ment I  walked  round  the  room  perfectly  regardless  of  what  was  said  to 
me.  As  I  recovered  my  former  state  of  mind,  I  felt  an  inclination  to 
4M>mmunicalo  the  discoveries  I  had  made  during  the  experiment.  I  en- 
deavored to  recall  the  ideas ;  they  were  feeble  and  indistinct.  One  rec- 
ollection of  terms,  however,  presented  itself',  and  witli  the  most  intense 
l>elicf  and  prophetic  manner  I  exchuraed  to  Dr.  ICinghike,  *  Nothing  ex- 
ists but  ihouglits ;  the  universe  is  composed  of  impressions,  ideas,  pleas- 
ures, and  pains.'" 

In  like  manner,  the  intoxication  that  aridcs  from  alcohol  has  two  dis- 
tinct stages,  depending  on  entirely  different  phases  of  its  chemical  action. 
At  first  there  is  an  exaltation  of  effects,  because  of  the  increased  function- 
al activity  established  ;  but  this,  after  a  time,  is  succeeded  by  a  dullness, 
or  even  stupefaction,  attributable  to  the  impression  which  the  carbonic 
acid  arising  from  the  oxidation  of  the  alcohol  is  making  upon  the  nerv- 
ous centres. 

By  two  different  methods,  therefore,  ancient  impressions  Twf>meihod»of 
may  be  equalized,  as  respects  intensity,  with  new  scnaations,  «io«l»««ion  of 
The  ^igor  of  tlie  fonner  may  be  increased,  or  the  eflect  of  and  "Hung"" 
[  the  latter  diinuushcd.  *en«Liit.at. 

I  Equalized  iu  any  way  in  their  force,  the  mind  is  ready  to  confound  its 
own  ideas  and  external  forms  together.  A  cause  which,  [«rhaps,  might 
seem  to  bo  trivial,  fastens  the  attention,  and  at  once  a  solitary  form,  or 
even  the  machinery  of  a  long  drama,  emerges.  It  is  no  more  possible  for 
ns  to  say  why  the  thougiit  runs  in  one  course  rather  than  another,  and 
lays  hold  of  image  after  image  in  succession,  than  we  can  foretell  the 
way  of  a  spark  that  moves  darkling  on  the  ashes  of  a  piece  of  burned  pa- 
per.    Yet  it  too  runs  in  connected  hnes. 

Xo  better  evidence  can  be  given  that  the  images  we  are  speaking  of 
are  impressions  of  past  events  registered  in  the  brain,  and  which  gain 
the  power  of  d^a^ving  upon  Ihemsclves  the  attention  of  the  mind,  cither 
ty  their  assuming  an  unwonted  intensity,  or  by  tlic  diminution  of  the  in- 
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Praafof  he  fl"f"PC  of  ncwIy-arriving  ftcnsation»,  tlmn  tlic  plillosopliica] 
UunMorim-  obscrvationft  which  have  been  made  by  some  of  those  who 
i|r«ttiooi  in  ih«  |j        ijgg^  j.^^j    ^^  jIj        infirmities  on  their  oim  cases. 

l^a  BDil  thiilr  Thus,  in  such  a  cose  reconlcd  in  Nicholson^s  Philosophical 
mersmc^        Journal,  and  alluded  to  by  Dr.  Ilibbcrt:  "I  had  a  ^-jsit," 

said  the  patient,  "from  I)r.  C ,  to  whom,  among  other  remark?,  I  oV 

eerrcd  that  I  then  enjoyej  the  salisfactioii  of  having  cultivated  rnymo^ 
al  habitit,  and  particularly  in  having  always  endeavored  to  avoid  heii^ 
the  slave  of  fear.  *  I  tliink/  said  I,  *that  this  is  the  breaking  np  of  the 
system,  and  tliat  it  is  now  in  progress  to  speedy  dcstmction.  In  tlra 
BtatOf  when  tlio  senses  have  bccomo  confused,  and  no  longer  tell  me  the 
truth,  they  still  present  mo  intli  pleasing  fictions,  and  my  sufferings  ue 
mitigated  by  that  cnlmnesa  which  allows  mo  to  find  amosemcnt  in  whil 
arc  probably  the  concluding  scenes  of  life.'  I  give  tlie^e  self-congratuU- 
tions  without  scruple,  more  particularly  because  they  led  to  an  ohscnt- 
tion  of  fact  which  deper%*es  notice.  When  the  doctor  left  me,  my  relix- 
e<l  attention  turned  to  the  phantasms,  and  some  tim«  afterward,  instead 
of  a  pleasing  face,  a  visage  of  extreme  rage  appeared,  whicli  presented  i 
gun  at  me^  and  made  mc  start ;  but  it  remained  the  usual  time,  and  tbeo 
gnitlualiy  faded  nway.  Tlu.s  immediately  showed  me  the  probabllitr  of 
pouie  connection  lietwccn  my  thoughts  and  these  imager,  for  I  ascribed 
the  angry  phantasm  to  the  general  reflection  I  had  formed  in  convL-rsa- 

tion  with  Dr.  C .     I  recollected  some  disquisitinna  of  Locke,  in  his 

treatise  on  the  Conduct  of  tlie  Mind,  wliere  he  cnJeavors  to  account  fur 
tlie  nppcamnoe  of  faces  to  persons  of  nervous  habits.     It  seemed  to  me 
as  if  faces  in  all  their  modifications,  being  so  associated  with  our  recol- 
lections of  tho  affections  of  passions,  would  be  most  likt  ly  to  offer  thcat- 
selves  in  delirium ;  but  1  now  thought  it  probable  tliat  other  objecta 
could  be  seen,  if  previotisly  meditated  upon-     With  this  motive  it  was 
that  I  reflected  upon  landscapes  and  scenes  of  arcliiteetural  grandeor 
while  ihe  faces  wcjc  flashing  before  me,  and  at^cr  a  considerable  interval 
of  time,  of  which  I  can  form  no  precise  judgment,  a  rtmJ  scene  of  hills, 
valleys,  and  fields  appeared  before  me,  which  was  euececdcd  by  another 
and  another  in  ceaseless  succession,  tlio  manner  and  times  of  their  respect- 
ive appearance,  duration,  and  vanishing  being  not  sensibly  difierent  from 
that  of  the  faces.     All  the  scenes  were  eabn  and  still,  without  any  strong 
light  or  glare,  and  delightfully  calculated  to  insjjire  notions  of  retirement, 
of  tranquillity,  and  happy  meditation."     The  same  writer  adds  in  anoth- 
er place,  "  The  figures  returned,  but  now  they  consisted  either  of  books, 
or  parcliments,  or  papers  containing  printed  matter.     I  do  not  know 
whether  I  read  any  of  them,  but  am  at  present  inclined  to  think  that  they 
were  not  either  distinctly  legible,  or  did  not  remain  a  sufficient  time  be- 
ibre  (hey  vanished.     I  was  now  so  well  ^watc  of  the  connection  of  tliought 
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ith  their  appearances^  that,  by  fixing  my  mind  on  the  consideration  of 
wmuscript  instead  of  printed  tj-pe,  the  paper  appeared,  after  a  time,  only 
rith  manuscript  writing :  and  at^envard,  by  the  same  process,  instead  of 
(cing  erect,  they  were  all  inverted,  or  apixiared  upside  down." 

Wo  can  not  fail  to  remark  the  close  resemblance  between  these  illa- 
Bons,  arising  from  a  fixed  meditation  on  recollected  scenerj',  j;^,gn,g|  y^^t 
id  tlic  pliaiitoms  which  are  witnessed  after  our  gaze  has  iuitiouofitUn- 

steadily  directed  to  some  brightly-illuminated  object,  ""* 
a  window,  when  wc  lirst  awake.  In  both  tliere  is  the  same  subdued 
knd  uncertain  brilliancy  of  effect ;  in  both  the  Bame  gradual  fading  away ; 
in  both  the  mind  does  not  refer  the  image  it  contemplates  to  an  inward 
itioint  or  place,  but  sets  it  forth  outwardly*  projrxting  it  into  the  empty 
Ktr  occupied  region  beyond.  In  inverse  as  in  ordinary  viaion,  the  law  cJ 
jUie  line  of  visible  direction  is  enforced,  and  tliis  reference  of  cerebral  im- 
to  a  definite  point  in  outer  space  is  a  phenomenon  of  the  same  kind 
the  appearance  of  the  invisible  coin  on  pouring  water  into  a  basin,  the 
lifting  of  ships  into  tlie  air  by  atmospheric  refraction,  the  a]<pearance  of 
jibe  sun  and  moon  every  day  above  the  iionzon  before  liicy  have  actu- 
liUy  risen  and  after  they  have  set,  and  many  other  optical  illufiiniLS  llmt 

r'ght  be  mentioned. 
Pliysiology,  thougli  full  of  teleological  illustrations — tliat  is,  examples 
"  tbe  Qse  of  means  for  the  accomplisiiment  of  an  end — hag  ^, 

*    ,  The  nervous 

more  worthy  of  our  consideratiou  than  this  of  inverse  meciiamiitq  cm- 
Men  in  every  part  of  the  world,  even  among  na-  '|'i™j!r,hM mJ 
Jtions  the  most  abject  and  barbarous,  have  an  abiding  faith  munaiuyctf  tba 
kiot  only  in  the  existence  of  a  spirit  that  animate^}  us,  but 
plso  in  its  immortality.  Of  these  there  are  multitudes  who  have  been 
isbut  out  from  all  communion  with  civilized  conntrics,  who  have  never 
|>een  enlightened  by  revelation,  and  who  arc  mentally  incapable  of  rea- 
^ning  out  for  themselves  arguments  in  support  of  those  great  tmths. 
iJndcr  such  circumstances,  it  is  not  very  likely  that  the  unccrtaititics  of 
tradition  derived  from  remote  ages  conld  be  any  guide  to  tfiem,  for  tra- 
ms soon  disappear  except  they  be  connected  with  the  wants  of  daily 
Can  tliere  be,  in  a  philosophical  view,  any  thing  more  interesting 
the  manner  in  which  these  defects  have  been  provided  for,  by  im- 
pUnling  in  the  very  organization  of  every  man  tlie  means  of  constantly 
•drootiishing  him  of  these  facts,  of  recalling  them  witli  an  unexpected 
vividness  bdbre  him,  even  after  they  have  become  80  iaint  as  almoet  to 
die  out  ?  I^t  him  be  as  debanrd  and  benighted  a  savage  as  he  may, 
Bhut  out  from  all  communion  with  races  whom  Pro^ndence  has  placed  in 
ippicr  circumstances,  he  has  still  the  same  organization,  and  is  liable  to 
i-the  same  physiological  incidents  as  ourselves.  Like  us,  he  scc8  in  Ids 
ifliouB  the  fading  forma  of  landscaped,  which  ai'C.  perhaps,  connected  witli 
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Bome  nf  his  most  grateful  recollections  ;  mid  what  other  cnuclofiion  can 
be  |xtssibly  derive  from  these  unreal  ]>ictures  tliau  that  they  are  the  iore- 
shadowings  of  another  land  beyond  that  in  ivhich  his  lot  U  cast?  likfl 
lis,  ho  is  visited  at  intcnals  br  tlic  resemblances  of  those  whom  he  his 
lored  or  Imtcd  while  tlicy  '^vcic  alive ;  nor  can  he  ever  be  bo  bmtalized  as 
not  to  discern  ia  such  manifestations  suggestions  which  to  him  are  ii>- 
controvertTliIc  ])roofa  of  the  existence  and  immortality  of  the  soul.  Erea 
in  the  most  retined  social  conditions  we  ore  never  able  to  shake  offthe 
impression  of  these  occurrences,  and  arc  pcrpctiuiUy  drawing  ixom  them 
the  same  conclusions  as  did  our  uncivilized  ancestors.  Our  more  cfe- 
vated  condition  of  life  in  no  reajjcct  relieves  us  from  the  inevitable  coa- 
sciiucnecs  of  our  on'n  organization  any  more  ,^han  it  relieves  us  from  in- 
firmities and  disease.  In  these  respects,  all  over  the  globe,  'H'c  aro  ou  an 
equality.  Sa%age  or  civilized,  wc  carry  about  within  us  a  mechanism  in- 
tended to  present  us  with  mementoes  of  the  most  solemn  facts  with  which 
wc  can  be  concerned,  and  the  voice  of  history  tells  us  tliat  it  has  ever  heen 
trac  to  its  design.  It  wants  only  moments  of  re|)oso  or  of  sickness,  when 
the  ijiBucnce  of  external  things  is  diminished,  to  come  into  lull  play,  and 
these  ore  precisely  the  moments  when  we  are  best  prepared  for  the  tratk 
it  is  going  to  suggest.  8ucli  a  mechanism  is  in  keeping  with  the  nuA' 
ner  in  wliich  the  course  of  nature  Is  fulHlled,  and  bears  in  its  \t:xy  st^le 
the  impress  of  invariability  of  action.  It  is  no  respecter  of  persons.  Il 
ncitlier  permits  the  liaughtiest  to  be  free  from  the  monitions,  nor  learH 
the  humblest  without  the  consolation  of  a  knowledge  of  another  li& 
Liable  to  no  mischances,  open  to  no  opportunities  of  being  tampered  imtk 
by  llic  designing  or  interested!,  requiring  no  extraneous  human  agency  far 
its  ctl'ect,  but  olwaya  present  with  each  man,  wherever  he  may  gos  il 
marreloualy  extracts  from  vestiges  of  tlie  impressions  of  the  past  over- 
^vlielniing  proofs  of  the  reality  of  the  future,  ami,  gathering  its  power  fiwn 
what  would  scorn  to  be  a  most  unlikely  source,  it  insensibly  leads  n5> 
no  matter  who  or  where  wo  may  be,  to  a  profound  belief  in  the  immortal 
and  imperishable,  from  phantoms  which  have  scarcely  made  their  appeal^ 
ance  before  they  arc  ready  to  vanish  away. 

It  is  scarcely  necessary  for  me  to  do  more  than  barely  refer  to  the  »s- 
serlions  of  those  who  would  have  it  l)clievt;d  tliat  they  look  upon  all 
ihese  appearances  as  lictions  and  duliberato  impostures.  What  is  to  be- 
come of  all  history  if  such  a  doctrine  could  bo  maintained  ?  Human  ev- 
idence must  be  regarded  as  uttcily  worthless.  Moreover,  no  one  denies 
the  existence  of  dreams,  and  the  phenomena  we  liave  been  here  trcatiog 
of  arc  philosophically  of  the  same  order. 
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CHAPTEE  XXn. 

OF  TOUCH,  AND  THE  DETERMINATION  OF  PRESSUHES  A^•D  TEMPERA- 

TUltES. 

Fwtctions  of  the  taetik  Mtcktut'um :  U*  Stmelurf, — H/gions  ofdiffermt  Sennlirmis$.—Compar- 

ctivt  JVtifsiology  of  Tottck. — l^limate  ofphywicat  QuttStit*. 
Am^pCBon  of'  TaipKmtmre.'^S^'jeclivt  SenMatitms  q/"  Ttmptratvrt* 

The  tactile  organ  is  tho  skin,  or  some  part,  modification,  or  append- 
age of  it.  Tho  general  functions  of  the  akin  Lave  been  al-  Functionsof 
ready  descrilxML  It  remains  to  speak  of  it  in  connection  witli  'bJ^SJIJ^ot, 
tlie  sense  of  touch. 

An  impression  has  long  prevailed  among  physiologists  that  this  sense 
should  be  considered  as  ofieriiig  several  subdivisions.  Thus,  fur  in- 
stance, we  have  a  consciousness  of  the  general  condition  of  the  muscular 
system — muscular  sense,  as  it  might  be  termed — and  this,  in  some  cases, 
is  exquisitely  jxricct,  as  may  be  gathered  from  what  has  been  said  re- 
garding the  tensor  tymjiani  aiid  stajx^dius  muscles  in  t]ie  chapter  on 
hearing.  Distinct  Irom  this  is  oiu'  appreciation  of  pain  or  pleasure,  and 
so  also  our  estimation  of  temperatures.  Adclon  has  indeed  maintained- 
that  the  cognizance  of  tempcmtures  is  the  primary  or  chief  function  of 
this  sense.  It  will  be  sufficient,  however,  for  our  purpose,  leaving  out 
these  minor  subdivisions,  to  direct  our  attention  to  tlic  more  important, 
and  to  consider  the  tactile  organ  as  devoted  to  two  uses :  1st,  the  appre- 
ciation of  pressures;  2d,  of  temperatures.  Pressures  doubtless  act  upon 
the  skin  in  a  purely  mechanical  way;  tcnij>eratuTes  operate  by  inducing 
a  variation  in  the  rate  of  waste  and  nutrition.  At  a  certain  point,  even 
this  distinction  ceases,  for  pressures,  when  they  reach  a  sufficient  intensi- 
ty, intcrlere  with  the  supply  of  arterial  blood  or  the  removal  of  venous, 
and  thereby  change  the  rate  of  nutrition  and  waste,  acting,  as  far  aa 
this  goes,  in  a  manner  not  unlike  that  of  tho  variations  of  temperature. 

In  man,  the  skiu  possesses  tactility  to  a  different  degree  in  different 
regions.  On  the  lips  of  the  fingers  and  on  the  lips  the  sen-  ii,»io„jj  ^^ 
sory  perception  is  most  acute,  while  it  is  at  a  miuinmm  on  ftnnee  in  ue. 
the  trunk  and  thigh.  In  other  mammals,  whicii  are  covered  ^' 
with  hair  or  wool,  tlie  sense  of  touch  is  mucli  more  restricted.  Ita 
proper  organ  is  to  be  regarded  as  arising  from  a  concentration  of  general 
sensibility  of  the  skin  upon  a  special  construction,  the  papillary  body, 
as  it  is  termed.     The  organs  of  vision  and  hearing  consist  essentially  of 
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two  portions,  &  receiving  and  a  nervous,  the  former  Lemg  constnicteJ  on 
the  principles  o!*  optia*  in  the  one  ciise,  and  of  acoustics  iu  the  other.    A 
simitar  donblencsa  of  structure  may  be  rccognuscd  in  tlie  instmnce  now 
before  ns,  thougli  with  a  dilTercncc  of  ctfect,  for  in  those  cases  the  ODto 
or  receiving  organ  is  for  the  purpose  of  more  powerfully  ooncentratiag 
the  inHucucc  received,  hut  in  touch  it  is  tlie  reverse.     The  office  of  the 
cuticle,  which  covers  over  the  true  skin,  is  to  render  it  less  sensitive  to 
external  impressions,  and  for  this  reason,  therefore,  it  varies  in  thick* 
ness  in  different  regions,  being  less  developed  on  lliose  portions  that  an 
more  jiarticularly  devoted  to  tactile  sensibility.     Considering  the  hand, 
suuciunoror-  *^^^  perhaps,  more  correctly,  the  lips  of  the  fingers,  as  being 
s«D  of  touch.     cliieHy  devoted  to  the  purposes  of  touch,  no  construction 
could  be  conceived  of  better  adapted  to  that  end.     I^laocd  at  the  cxtran* 
ity  of  the  arm,  a  lever  which  is  jointed  at  its  middle,  the  elbow,  and  the 
fore  part  of  wliich  lias  a  motion  of  partial  rotation,  pronation,  and  sii{>In»- 
tion  upon  its  own  axis,  the  hand  being  carried  so  that  its  palm  piosents 
upward  or  downward,  or  in  any  of  the  intcmiediate  positions  included  is 
the  half-circidar  motion — jointed  again  by  the  bones  of  the  wrist,  so  as 
to  obtain  n  hing&>likc  movement,  the  hand  may  be  flexed  or  exteatlt'J 
almost  180  degrees  upon  the  forearm.     Its  bony  structure,  8ubth\'idcd 
into  suitable  pieces,  is  clothed  with  a  multitude  of  muscles  or  their  ten- 
dons.    In  the  &igers  and  thumb  the  structure  breaks  up  into  five  sc^ 
arotc  pieces,  possessed  of  an  incredible  linnncss  when  wc  consider  tJte 
nombcrlcsa  motions  whicli  can  be  accomplished.     The  portion  and  u- 
ticulation  of  the  thumb,  which  enables  it  to  set  ilsclf  in  opposition  to 
the  otiicr  four  digits,  a  feature  which  constitutes  a  hand,  proj^rly  speik- 
ing,  gives  tlie  powej*  of  grasping  things  pei^'ectly,  and  makes  the  whole 
organ  a  perfect  meclianism  of  prehension.     The  papillary  structure,  d^ 
veloped  in  its  utmost  rclincmcnt  on  the  tips  of  tlie  fingers,  and  fortified 
behind  by  the  nails,  which  present  moderate  resistance  to  pressures,  cooh 
pletcs  this  contrivance,  which,  from  its  perfect  adaptation  to  the  uses  to 
which  it  is  devoted,  its  power,  its  delicacy,  and  tiio  infinite  mo\t;menU 
which  it  can  accompUsli,  is  not  surjiasscd  as  an  example  of  tlte  adapts- 
tion  of  means  for  the  accomplishment  of  an  end  by  any  other  strocton 
of  tlie  l>ody.     There  have  been  authors  who  have  asserted  that  the  su- 
periority of  man  over  other  animals  may  be  entirely  accounted  for  by  Lis 
possession  of  a  hand — a  statement  wliidi,  though  it  can  not  be  main- 
tained in  its  generaUty,  is  yet  a  very  good  proof  of  the  appreciation  in 
which  this  wonderful  instrument  is  held  by  those  who  havo  studied  its 
coustmction  and  functions  most  closely. 

Between  the  indications  that  havo  to  bo  dealt  with  by  the  hand  as 
an  organ  of  touch,  and  tliose  dealt  with  by  the  eye  and  car,  there  is  an 
essential  difference.     The  eye^  for  example,  receives  the  pictures  of  ex- 
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1 1  not  ion 


oTjjccta  upon  a  surface*  l>ut  ihe  ) 

of  bodies.  The  former  is  occu_ 
Ijreadth  ;  llie  latter  with  all  three  dimensions,  length,  breadth,  ^^^  ^*'***- 
knd  thickness  conjointly.  Oirr  notions  of  solidity  are  to  no  little  extent 
|»btained  in  this  way,  as  was  proved  in  the  case  of  Chcselden's  patient^ 
llrho  had  been  blind  from  birth,  and  to  wlwm  vision  was  given  by  a  suc- 
feeaBfol  operation  for  cataract,  and  still  more  recently  by  a  similar  case 
jbf  Franz.  In  this  instance,  "a  solid  cube  and  a  sphere,  each  of  four 
Inches  diameter,  were  placed  before  the  patient,  at  the  distance  of  tlu^e 
ffeet,  and  on  a  level  with  the  eye.  After  attentively  examining  these 
•bodies,  he  said  he  saw  a  quadrangular  and  a  circular  figure,  and,  after 
^rac  consideration,  he  pronounced  tlie  one  a  square  and  the  otiicra  disk. 
pu  eye  being  then  closed,  the  cube  was  taken  away,  and  a  disk  of  equal 
Slizc  substituted,  and  placed  next  to  the  sphere.  On  again  opening  Ma 
je}*e,  he  observed  no  diflcrencc  in  these  objects,  but  regarded  them  both 
|BS  disks.  The  solid  cube  was  now  placed  in  a  somewhat  oblique  posi- 
tion before  the  eye,  and,  close  beside  it,  a  tigure  cut  out  of  pasteboard, 
Representing  a  plain  outline  prospect  of  the  cube  when  in  this  position: 
^toth  objects  be  took  to  be  somewhat  like  a  tlat  quadrate.  A  pyramid 
iplaced  before  him,  witli  one  of  its  sides  turned  toward  his  eye,  lie  saw  as 
A  plain  triangle.  This  object  was  now  turned  a  little,  so  as  to  present 
ttwo  of  its  sides  to  view,  but  rather  more  of  one  side  than  of  the  other: 
After  considering  and  examining  it  for  a  long  time,  he  said  that  this  was 
I  very  extraordinary  figure ;  it  was  neither  a  triangle,  nor  a  quadrangle, 
,Tior  a  circle — he  had  no  idea  of  it,  and  could  not  describe  it :  'in  fact,' 
:Baid  he,  *  I  must  give  it  up.'  An  example  of  tlie  clnae  association  whidi 
^ists  between  the  sense  of  touch  and  tliat  of  siglit,  in  enabling  the  mind 
fto  form  a  correct  idea  of  an  object,  is  afibrded  in  the  statement  of  this 
||Mitient,  that,  although  by  the  sense  of  sight  he  could  detect  a  difference 
In  the  cube  and  sphere,  and  perceive  that  they  were  not  drawings,  yet 
ihe  could  not  form  from  them  tlie  idea  of  a  square  and  a  disk  until  he 
^rceived  a  sensation  of  what  be  saw  in  the  points  of  his  fingers  as  if  ho 
!teally  touched  the  objects.  When  he  took  the  sphere^  cube,  and  pyra- 
•mid  into  his  Iiand,  he  was  astonielied  that  he  had  not  recognized  them  as 
IfDch  by  sight,  being  well  acquainted  with  them  by  toucli." 
i  The  mechanism  for  touch,  as  distinguished  from  the  general  dermoid 
jSensibility,  is  the  papilla?,  which  may  be  described  as  conical  j;t„p,„„^, 
ifeminenccB  on  the  cutis,  at  once  solid  and  flexible,  sometimes  papiiiirDr 
'davate  in  form,  and  sometimes  having  numerous  points.  They 
.arc  about  the  -y^  of  an  inch  in  height,  and  the  ^  J^  of  an  inch  in  diam- 
eter at  their  base,  these  dimensions  varying,  however,  very  greatly  with 
the  situation.  They  contain  a  loop  of  blood-vessels  and  a  twig  of  a 
nsory  nerve,  for  all  the  centripetal  nerves,  with  the  exception  of  those 
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devoted  to  tlio  special  senses,  may  l)C  regarded  na  concerned  in  ibis  fiinc- 
lion.  The  papillsc  contain  an  elastic  substance — axile  Uxly,  as  it  is  term- 
ed— which  eer\-es  to  Iieighten  the  sense,  and  the  jrielding  structure  of  the 
skin  aids  in  the  same  eflect,  Tlic  papillas  are  covered  over  with  tlie  cuti- 
cle, tlirongh  which,  tlicrctbre,  all  ^v-  »*• 
action  on  them  must  take  ]>hice. 


mm 
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I'\g,  203  (Todd  and  liowmaii)  rejircsents  simple  papillic  of  iho  palm, 
the  cuticle  having  boon  detached,  ^ig.  204  (Kolliker),  compound  papil- 
la', with  two,  three,  or  four  points:  o,  base  of  a  papilla  ;  A,  i,  ft,  sepaiale 
jirocesses;  «,  C,  c,  processes  of  papillte  whose  bases  are  not  viaiblc 

The  mode  in  winch  the  nerve  fibre  terminates  in  the  ]>apilla  is  as  ret 
Tiie  r*clniaD  doubtful,  sonio  asserting  that  it  is  arrEinged  as  A  rotuming 
^***^*  loop,  and  some  that  it  is  by  a  pointed  extremity.     This  Ut- 

ter mode  ia  thought  to  be  illustrated  by  tlie  structure  of  the  bodies  term- 
ed Pacinian,  wliich  are  ovoid  in  form,  t'j^  to  -^  of  an  inch  in  length,  -^  to 
^  in  breadth,  and  attached  by  a  pedicle  to  many  of  the  cerebro-spinal 
and  symjiathetic  nerve  branches.  Kacli  consists  of  many  concentric 
membranous  layers,  arranged  like  the  coats  of  an  onion,  the  interior  onoi 
closer  tlian  the  exterior.  They  have  a  central  cavity,  distendeil  by  A 
fluid,  which  also  intervenes  l>etwecn  the  coats.  Across  this  cavity,  txA 
occupying  exactly  its  axis,  a  nerve  fibre,  which  has  cast  off  its  white 
sheath,  passes,  terminating  at  the  other  end  cither  in  branches  or  a  knoU 
The  use  of  these  bodies  is  wholly  unknown,  and  even  their  structure  b 
doubtful,  the  existence  of  the  central  liquid  referred  to  being  denied  by 
some  anatomists. 

^^K  The  sensitiveness  of  a  part  is  in  proportion  to  the  number  of  ptpill^ 

^^^       TheMnwUvp-  ^*  contaiiis.     Tables  have  been  constructed  setting  forth  the 
I  ncM  uf  .liiTbr-  relations  of  different  regions,  as  determined  by  placing  a  pwi 

I  eni  «^B  oat.     ^^  couipasses,  the  points  of  which  were  covered  with  cork,  oo 

I  the  parts  to  be  tried,  the  eyes  being  shut,  and  closing  the  compasses  nn- 

I  til  the  pieces  of  cork  could  no  longer  be  distinguished  as  separate.    It 

I  appears  that  this  will  take  place  on  the  tip  of  the  tongue  when  the  points 

I  arc  the  ^^  of  an  inch  apart;  on  the  tip  of  the  third  phalanx,  at  the  -^ 

I  of  an  inch  ;  on  the  lips,  the  one  sixth  of  an  inch ;  tip  of  the  great  toe. 

H  half  an  inch ;  the  lower  part  of  the  occiput,  1  inch ;  and  on  the  middle 

^^^        of  the  thigh,  2^  inches. 
^^^^^    A'o  part  (^  the  skin  is  c&Xucly  dit^old  <iC  «ensitivcne33f  as  Kolliker  i 
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shown  by  cxaminationa  with  a  fine  needle     At  first  he  _ 

....     Erory  piirt  of 

thought  he  liad  found  some  ])laccs  which  were  quite  inscnHi-  tfaeikia  faiea- 
ble,  while  in  olliers  tlie  slightest  touch  pmduced  sensation ;  ""^''* 
but  on  carrying  the  investigation  tarther,  it  appeared  that  tlic  very  game 
phice  was  sometimes  sensible  and  sometimes  not,  so  that  6nnlly  Uc  enme 
to  the  couciusion  that  tlie  very  gmallest  portions  of  the  skin  arc  sensi- 
tive. But  since,  even  in  the  palm  of  the  hand,  the  papillas  containing 
ncrres  are  widely  dispersed,  and  in  other  places  occur  but  rarely,  or 
even  not  at  all,  he  infers  that  it  is  necessary  to  assume  the  existence  of 
ncm-mcdullated  fibres  in  all  the  papillie,  or  to  have  recourse  to  the  nerv- 
ous picxns  at  their  Iwis**,  since  he  l>eHeves  it  is  not  possible  to  demon- 
strate nerves  in  evcrj-  one  of  those  bodies. 

The  nerves  supplying  the  papillse  may  perliaps  be  sold  to  ascend 
through  the  cutis,  continually  branching,  and  forming  evenlu-  papuury 
ally  terminid  plexuses.  The  primitive  tubules  themselves  di-  ""vm. 
Tiding  at  an  acute  angle  into  two,  and  entering  tlie  popilln*^  tliey  are 
united  at  their  extremities  in  a  loop.  Of  course,  this  construction  in- 
volves the  fact  that  they  have  freed  themselves  from  the  white  substance 
of  Schwann.  The  impression  made  on  these  exposed  nervous  fibrils  U 
by  raauy  regarded  as  of  a  purely  mechanical  kind.  They  may  be  atfcct- 
ed  not  merely  by  vertical  pressures,  but  likewise  by  those  exerted  in  the 
direction  of  the  piano  of  the  skin,  and  this  accounts  for  tactile  scnsatiou 
on  portions  of  tliat  surface  which  are  either  sparsely  or  not  at  all  sup- 
plied with  ncr%'c  fibrils.  To  this  eflect  the  unyielding  and  horny  texture 
of  iho  cuticle  doubtless  contributes. 

No  papilUc  arc  found  in  invertebrate  animals.  Among  vertebrates 
they  are  variously  disposed.  In  lizards  they  occur  under  T(,a,.h  in  other 
the  toes ;  in  the  chameleon,  and  some  of  tlic  ant-eaters,  whicii  vcrnrUrate*. 
aee  their  tails  for  tactile  purposes,  they  are  found  upon  tliat  organ.  In 
the  spring  season  of  the  year  they  are  temporarily  developed  on  the  timmb 
of  the  frog.  Among  birds  they  arc  found  upon  the  toes,  or,  if  web-foot- 
cd,  upon  the  web ;  in  the  mole  on  the  tip  of  the  snout.  In  tlio  tapir  and 
elephant  they  occur  u()on  the  trunk  ;  among  the  rjnadnunaiia,  on  the 
bonds  ojid  feet,  and  in  some  also  upon  the  tail.  Tlie  whiskers  of  the  cat, 
the  rat,  the  rabbit,  may  be  regarded  as  appendages  to  tlio  tactile  organs, 
enabling  them  to  find  their  way  througli  narrow  passages  in  the  dark. 
Among  artictdata  the  antennte  have  doubtless,  with  their  other  functions, 
a  aimilar  use.  Men  who  have  become  blind  often  guide  their  steps  by 
means  of  a  slick,  judging  from  the  sensations  which  its  contact  with  sur- 

L rounding  bodies  imparts  to  the  hand:  it  is  in  all  respects  a  temporary 
aDtcnno. 
Our  estimates  of  the  hardness  and  softness,  roughness  and  smootlmcss 
e£  bodies,  is  primarily  dependent  on  indications  derived  from  the  aeuaa 
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FEEuira  A3a>  touchtxo. 

EsUauiu>  of      of  touch.     Vt'e  b)ioq1<1  make  a  (iislinctiont  liowevor,  with 
t>ii;»icAl  quU-  Mapendie,  between  (eelinff  and  toucliine,  the  tbrmer  benw 

Ilea  liv  Untcfa.  -   ,,  -  ,        ,  .  i      ,  ,  ° 

es&entmily  passive,  the  latter  active;  and  though  ve  usu- 
twwn  fw^infl  *^'/  supposc  that,  of  all  our  BcnacB,  touch  is  the  most  reli- 
■nd  touciiii>i$.  able,  it  otitcn  convcrs  to  the  mind  illnsoiy  impressionsi  aa. 
for  instance,  in  the  well-known  experiment  of  Aristotle,  when  the  tips  ot" 
the  fingcTfl  are  crossed  over  each  other,  and  a  pea  rolled  beneath  than,  it 
Bccins  as  if  tlicrc  were  two  ]K:as,  one  under  each  tingcr.  The  indications 
of  touch  arc  generally  more  correct  than  those  of  feeling.  Thxis,  it"  wc 
close  our  eyes,  and  another  person  mores  the  tip  of  our  6ngcr  orcr  an 
unknown  surface,  he  can  completely  deceive  us  by  duly  varying  the  prest- 
ure,  and  make  us  Ltelieve  that  it  is  concave  or  convex,  whereas  it  may  be 
tint ;  but  if  we  pass  our  fingers  over  the  surface  ourselves,  we  very  quick- 
ly come  to  a  true  conclusion,  because  now  wc  are  conscious  of  the  esti- 
tion  of  muscular  power;  and  from  what  has  been  said  respecting  liearii]^ 
we  may  infer  how  delicate  oar  estimate  of  muscular  exertion  is.  The 
former  is  therefore  an  example  of  feeling-,  the  latter  of  touch. 

Connected  witli  this  distinction  arc  the  singular  plicnomcna  of  tick- 
ling; the  regions  most  readily  aflectcd  by  this  are  those  of  loir 
tactile  sensibility.  A  person  can  not  tickle  himself,  though  it 
is  said  that  cases  ans  upon  record  iu  which  one  has  been  tickled  to  dealli 
by  another.  As  in  the  other  coses,  tlic  mind  can  durct  attention  exda- 
sively,  for  the  time  being,  to  some  one  indication  of  touch,  wliicli,  though 
it  may  be  apparently  insignificant  in  itself,  becomes,  after  a  while,  p«- 
fectly  intolerable,  as  the  pressure  of  a  hair,  a  gentle  draught,  or  the  &11* 
B««iitnsortru-  "iR  of  water,  drop  by  drop,  on  the  top  of  the  head;  and,ii 
pRMioiu.  ^-iii,  ihera,  an  impression  which  is  made  does  not  instanta- 
neously disap}>car,  but  will  sometimes  continue  for  quite  a  considcraUl 
time,  A  ring  or  other  article  that  has  been  long  worn  will  leave  a  sen- 
Bation,  thougli  it  may  have  been  removed. 

JJesides  affording  an  estimate  of  external  pressurcfl,  the  sensory  organ 
enables  us  to  discover  variations  of  temperature.  It  may  tbeiclbrc  be 
thus  etTceted  by  bodies  upon  contact  or  by  bodies  at  a  distance;  ani 
rcroTiiifiii  of  though  we  usually  confound  the  two  indications  together, 
iBmiwraiiin.  there  is,  In  reality,  a  distinction  between  them ;  thus,  in  ce^ 
iliitof  prew-  tam  conditions  of  paralysis,  the  indications  of  the  contact  of 
^^'  bodies  may  remain,  but  those  of  heat  and  cold  may  hare  to- 

tally disappeared.  On  examining  a  surface  from  which  the  akin  has 
been  removed,  it  docs  not  appear  capable  of  diatinj:^i3hinghot  horn  cold 
bodies,  but  only  communicatee  to  the  mind  au  indetinite  sensation  of 
idekt  of  beat  pain ;  nor  can  we  create  sensations  of  heat  or  cold  by  any  ir- 
n^.ri'^™i-  "t'**'(>'*  of  the  nerves.  The  measure  of  temperature  by  the 
6ci»ttr.  agency  of  the  skin  is  very  far  from  being  exact,  as  has  bcca 
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proved  by  the  simple  experiment  of  dipping  tlie  finger  into  very  warm 
water,  and  then  tlio  wliolo  hand  into  water  many  degrees  cooler.  Tlic 
increasGd  extent  of  surface  ecems  to  overcoiapensato  for  the  _ 

.  ,       .  Deception*  of 

lower  tempemture,  and  we  come  to  the  erroneous  conclusion  thv  hcbm  or 
that  the  cooler  specimen  is  tlie  warmer  of  the  two  samples.     ***''^*'" 

As  sounds  may  he  heard  whicli  have  no  reality,  but  merely  originate 
in  the  In-ain,  or  spectral  illusions  may  be  seen,  so  the  sense  Sui>jccUvaKii. 
of  touch  is  subject  to  similar  hallucinations,  as  a  sensation  I|^*<|'*^^I^'' 
of  pressure  or  weight,  or  tlie  crawling  of  insects  on  the  skin  ;  tore. 
Mid  though  we  can  not,  by  artificial  irritation  of  the  nerves,  give  rise  to 
impressions  of  heat  and  cold,  those  electa  very  frequently  occur  in  this 
interior  or  subjective  way. 


CHAPTER  XXIII. 

OF  SMELLING,  A^'D  TIHi  SfE-VXS  OF  DISTINGUISHIXO  GASEOUS  AXD  VA- 
i^ROUS  SUBSTANCES. 

£iEnK*w«  q^  lAr  Orpaa  of  SmcU, — Ita proper  InBtna-ent  the  Firtt  2\nr  of  SartM. — IJmitnt  Re- 
yion^SmeJL — Conjilums  it/' tU  jterj'tct  ActiuH. — Duration  of  OJura, —  Thar  LoatiuaUoH.^ 
Svhj*ctivc  OdoTM. 

Bt  llie  sense  of  smell  wc  arc  able  to  distinguish  many  gaseous  and 
vaporous  substances  from  one  another.  They  enter  the  nos-  ^^^  ^^  .. 
triJa  witii  the  respiratory  current,  and  are  brought  in  eon-  forfcsMsuid 
tmct  with  the  olfactor)'  or  Schneiderian  mcmbrnnc.  Though  ^  •***""• 
recdved  at  first  in  thc-clastiu  state,  they  become  dissolved  in  the  mucus 
which,  moistens  that  membrane.  It  does  not  follow,  however,  tliat  idl 
Tftporous  substances  give  rise  to  the  ]>erception  of  an  odor;  for  example, 
water  itself  communicates  no  sensation  whatever.  Again,  there  are  other 
bodies,  as,  for  instance,  musk,  which  yield  an  odor  far  more  PeiiocvoruiU 
powerful  than  corresponds  to  tbeir  loss  of  weight.  Thus  it  I'ertiiiUon. 
is  said  that  that  substance  may  be  exposed  for  years  in  an  ajjartmcnt^  dif- 
fusing all  the  time  its  penetrating  emanations,  and  yet  not  becoming 
lighter.  Such  statements  ore,  however,  on  their  face,  exaggerations. 
There  can  be  no  doubt  that  the  olfactory  organs  detect  extremely  minute 
pOTtions  of  matter.  In  most  cases,  elevation  of  the  temperature  of  a 
body  increases  its  odorous  cfiect. 

The  primary  uses  of  the  function  of  smell  are  for  a  discrimination  of 
the  qualities  of  food,  or  its  condition,  and  also  for  enabling 
an  animal  with  greater  facility  to  provide  itself  with  supplies. 
Hence  the  development  of  this  stnictvire  takes  place  in  tlie  utmost  j^er- 
fectioii  among  the  camivora,  which  often  depend  almost  exclusively  U(>or  . 
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tliU  faculty  for  the  pursuit  of  their  prey.  But  e\'en  in  the  lierWvoni  it 
is  well  marked,  and  turni»bi'j{  llieiii,  though  less  exactly,  sunilnx  indicm- 
tions.  In  man,  tbougb  this  sense  is  less  ncatcly  developed,  it  applies 
itself  to  a  greater  variety  of  objects,  and  doubtless  enablea  him  to  appre- 
ciate differences  among  odors  in  a  more  correct  manner  than  in  the  uue 
of  the  lower  animals. 

The  general  principle  involved  in  tbc  construction  of  the  organ  of  smell 
Useb  -  is  to  expose  an  extensive  and  constantly  moistened  surface 

tbe  oltactory  to  the  air  brought  in"  by  the  respiratory  current.  Of  coarse, 
orgao.  other  things  being  ef^ial,  the  larger  the  surtace,  the  more  per- 

fect the  sense  The  object  of  gaining  a  great  extent  of  superficial  ex- 
posure under  a  relatively  small  volume  is  accompbshcd  by  spreading 
the  sensitive  mucous  membrane  on  projections  or  shelves,  which  also 
serve  the  purpose  of  intercepting  the  incoming  current  of  air.  It  is  in 
reptiles  and  birds  that  turbinatctl  processes  first  make  their  appearance. 
In  air-breathing  animals,  the  oi^n  of  smell  is  essentially  an  appendix 
to  the  rc3piratory  mechanism,  its  action  depending  entirely  upon  tbc 
play  thereof.  But,  though  tlie  material  submitted  to  the  olfactory  mein- 
branc  in  this  manner  is  presented  in  the  vaporous  or  gaseous  state,  it  is 
intermediately  diflsolvc<I,  as  has  been  stated,  in  the  liquid  mucus  wtiidt 
covers  that  membrane,  before  it  can  affect  the  romilicalions  of  the  olDw- 
tory  nerve. 

The  nose,  thus  constituting  the  commencement  of  the  respiratory 
tract,  forms  a  characteristic  feature  of  the  countenance.  It  is  composed 
in  part  of  bones  and  in  part  of  cartilages,  covered  over  with  muscles  and 
interment.  Its  five  cartilages  give  to  it  slta[K!  in  its  inferior  portion, 
and,  by  tlieir  elasticity,  enable  it  to  resist  external  injury.  The  whole 
surl'acc  of  the  nasal  cavities  is  covered  over  with  mucous  membrane,  to 
whicli  tlic  names  of  pituitary  or  Schneidcrian  mcmbrano  have  been  given. 
This  raucous  membrane  likewise  extends  into  the  maxillarj'  antrom, 
etlunoid,  and  sphenoid  cells,  or  sinuses  which  are  adjacent,  and  open  into 
the  same  nasal  cavity.  The  Schneidcrian  nicmbmne  is  liighly  vascular, 
and  receives  its  nervous  supply  from  the  nasal  branches  of  the  fifth 
pair,  wliich  give  it  common  sensibility,  but  its  olfactory  function  de* 
Piff.9n.  Fi^WL  pends  on  the  distribution  which  a 

certain  portion  of  it  receives  from 
the  first,  or  olfactory  nerve. 

Up.  205  illnstrntes  the  dislriba- 
tton  of  the  olfactory  nerve  on  the 
septum  of  tho  nose.     T^ij^,  206  ifl 
its  distribution  on  the  outer  wall  of 
the  nasal  fossa. 

That  the  ionction  of  the  first  pair  of  nerves  is  olfactory  is  proved  b^ 


J 


THE   OLFACTORY   ?;ER\i:8. 


425 


nv  facts.     Animals  in  which  these  nenea  have  been  di-  t    ^,      , . 
ided  are  no  longer  aiiected  by  odora  of  any  kind,  and,  gen-  <ir»t  pair  af 

ally  sjxyiking,  the  greater  the  development  of  tliesc  nerves,  """"• 
the  acatcr  is  the  sense  of  smell.     In  persons  in  whom  this  sense  lias 
been  defective  or  totally  absent,  or  in  those  who  have  been  troubled  with 
unpleasant  odors  of  a  subjective  kind,  ijoat-nioitcni  e:tauinations  have 
shown  a  corresponding  absence  or  lesion  of  these  ner\-es. 

In  man,  the  proper  olfactory  oi^;an  is  formed  by  the  distribution  of  the 

Dl&ctor}*,  or  lirst  pair  of  nerves,  on  tlie  mncous  membrane  wiiich  covers 

die  upper  part  of  the  nose,  the  internal  set  of  filaments  being  disposed 

Dn  that  of  the  septum,  the  extcrual  on  that  of  the  superior  and  middle 

r«pongy  bones.    The  membrane  is  very  vascular,  and  covered  with  a  thick, 

pulpy  epithelium.     The  filaments  distributed  to  it  have  lost  the  white 

Iflubstaucc  of  Schwann.     It  is  those  parts  alono  to  which  these  filaments 

'are  distributed  which  jwssess  the  sense  of  smell,  the  adjacent  cavities, 

as,  for  example,  the  trontal  sinuKCS,  not  participating  in  the  function,  as 

Lhas  been  proved  by  the  injecting  of  the  vapor  of  camphor  or  other  odo- 

-riferous  bodies  into  them.     It  seems  to  be  necessary  for  the  vaporous  or 

gaseous  substances  to  be  dissolved  in  the  moisture  which  covers  the  ol- 

|:^tory  membrane  in  order  to  their  exerting  a  proper  etTcct.     If,  by 

'chance,  the  membrane  is  too  dry,  tlie  sense  of  smell  is  tcmi>orarily  lost, 

and  the  same  likewise  occurs  if  it  be  unusually  moist. 

Fiom  the  mode  of  distribution  of  the  olfactory  nerve,  it  follows  that 
tiie  sense  of  smelling  is  restricted  to  the  upper  portion  of  l;„jj^^, 
the  nasal  cavity ;  and,  for  this  reason,  when  we  desire  to  de-  furthoMaieof 
tect  odors  with  unusual  precision,  the  air  is  drawn  violently  ""''"■ 
into  that  region  by  snifiing.     On  the  contrar}-,  we  avoid  the  perception 
of  odors  by  breathing  tlirougU  the  mouth,  or,  as  the  common  nondiiioni  for 
phrase  is,  l>y  holding  the  nose.     Since  the  perfection  of  the  Un  i>crf<xt  ao- 
iflcnse  requires  that  the  olfactory  surface  shall  neither  1m;  too  *"^"* 
-Axj  HOT  too  cold,  an  advantage  is  gained  by  placing  it  high  in  the  cav- 
ity, where  it  is  free  from  the  disturbing  ciFects  of  the  dry  air  introduced 
by  inspiration,  which  becomes  moistened  and  warm  before  it  reaches  tins 
place  of  action. 

Just  as  we  make  a  distinction  between  a  musical  sound  and  a  noise, 
po  should  we  distinguish  between  an  odor  and  such  impres-  Didmction  bo- 
nons  as  arise  from  tickling,  pressures,  the  use  of  snuff,  mua-  tweenwiors 
tard,  pepper,  and  pimgent  bodies,  for  these  act  as  mere  irri- 
tants, and  many  of  them  can  produce  analogous  effects  on  other  portions 
of  the  surface  of  the  skin.  Udors  do  not  give  rise  to  the  impressions  of 
pain,  and,  indeed,  the  ncn'ous  mechanism  having  charge  of  the  action  is 
totally  different  in  the  two  cases.  Odors  operate,  as  we  have  said,  upon 
the  olfactory  nerve,  but  these  other  impressions  aie  made  upon  the  nasal 
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eapplics  from  the  Hfih  pair.  The  upper  part  of  the  nasal  carity  u  tboe- 
forc  devoted  to  the  proper  sense  of  smdl,  tli©  lower  portioa  to  gcacnl 
seusatiou. 

In  one  respect  tlicre  ia  a  striking  difference  between  this  sense  aud 
DunuloQ  uf  ■^'ision  and  hearing.  We  can  ])erceive  manv  luminous  ini- 
ft^on-  pressions  at  the  same  lime,  or  liear  many  sounds  iii  rapid  sue* 

cession  :  but  not  so  with  odors.  Wc  can  smell  only  one  thing  at  a  time, 
or,  at  all  events,  tlie  impression  remains  long  upon  the  olfactoiy  appara- 
tus, perliaps  because  the  odoriferous  substance  remains  dissolved  in  ibe 
attached  moisture.  The  identification  of  substances  by  their  odor  nec- 
essarily implies  a  resort  to  recollection  or  memory,  and  sometimes  ire 
have  to  apply  the  fragrant  object  again  and  again  to  the  nose,  before  we 
can  recall  with  satisfactory  precision  its  name. 

In  the  lower  animals  the  sense  of  smell  is  probably  localized  in  socne 
Com  .iiniiite  l'**'^^  ^^  *^"^  *^"* '  many  of  them  display  instincts  whicli  seem 
mnKiumy  of  to  imply  the  posscssion  of  such  a  sense.  Insects  also,  bf 
*""  '  smell,  are  often  led  to  their  food  or  to  one  another. 

Tiio  variable  cura'nt  of  air  introduced  by  respiration  comiKnsates  ip 
some  degree  for  the  want  of  mobility  of  the  nose*  whiclt  may  be  rc^ni* 
cd,  in  air-breathing  vcrtcbratcd  animals,  as  consisting  of  a  diverticoltoii 
from  the  respiratory  passages.  In  fishes,  however,  the  olfactory  cavitjis 
rot  connected  with  the  rcajwratory  passages :  tlicre  are  no  posterior  narw. 
The  circumstance  of  tlicir  living  under  water  disables  them  fix>m  appieci- 
atinp  tlic  ofloTons  peculiarities  of  gases  and  vapors.  In  the  whale  the  Gt- 
gon  is  altogether  absent,  being  replaced  by  the  mechanism  for  necciviug 
air  and  blowing  out  water.  In  other  tribes  the  acuteness  of  the  sen« 
is  in  proportion  to  the  development  of  the  olfactory  ganglia:  in  rcptilei 
it  is  feeble  ;  in  binls,  more  developed  ;  in  carnivorous  animals,  still  mOB- 
But  here  again  it  exhibits  a  special  restriction,  since  there  is  reason  for 
supposing  that  carnivorous  animals  nrc  insensible  to  the  perfume  of  flow* 
crs,  while  herbivorous  ones  distinguish  them  ix^rfectly.  In  man,  as  ve 
have  said,  the  sense  is  less  develojied,  but  it  lias  a  wider  rongo. 

The  loculiKalion  of  odors  is  effected  in  a  much  less  perfect  manner  than 
Localization  ^'^^  lo(*alization  of  sounds.  The  principle  by  wliich  it  is  ac- 
ofodon.  complished  is  obviously  that  of  determining  tlio  diivction  of 
maximum  intensity,  and  this  involves  necessarily  tlie  constant  excrciM 
of  memory  and  comparison.  The  surprising  manner  in  whicli  tliis  can 
be  accomplished  by  animals  whose  sense  of  smell  is  acute,  as,  for  ejtao- 
plc.  by  the  dog,  is  extremely  interesting.  From  the  different  manner  iii 
which  various  odors  affect  different  individuals,  there  is  no  general  stand- 
ard of  comparison  to  which  they  may  be  referred,  as  there  is  in  the  casB 
of  colors  and  of  sound.  Scents  which  may  be  highly  disagreeable  to  one 
are  /icce/itabic  to  another  person.    By  constant  exposure,  the  faculty  nay 
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hecome  so  l)cnuin)]ed  as  to  be  unable  to  distingnish  somo  altogether. 
Thus  Turner  found  *'tlmt  tlic  flower  ot'th«  iris  pcrsica  was  „  .  ^-^ 
pronounced  of  pleasant  odor  by  forty-one  out  of  fifty-four  of  odoroiu  iw- 
persons,  by  four  to  have  little  scent,  and  by  one  to  be  ill-  P''*"**^*. 
Bccnted.  Of  thirty  persons,  Iweiify-lhree  held  tlie  anemone  ncmorosa 
agreeable  in  its  pcrtume,  nnd  seven  did  not  think  tiiat  it  smelled  at  all." 
Diseases  of  the  central  oi^ans  will  sometimes  give  rise  to  the  perecp- 
tion  of  subjective  odors,  just  as  they  do  to  eiwctral  illusions  or  sut-jmho 
sounds  in  the  cars.  «*«"• 
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CniU>TER  XXIV. 
OF  TASTE.   ' 

Oaa^iaiu/<3r  TtUtt.~Str9etwt  ami  FunctioHt  ^/Af  T-Mtpue. — Tactile  and  Guttalivt  lityioiu 
of  (ht  Ton^ie, — Coi^phauxtary  TatU*. — StJiJfrtitv  Tatrte*. 

TuoroH  the  function  is  participated  in  by  other  portions  of  the  oral 
CfcTity,  the  tongue  is  to  be  regarded  as  the  organ  of  taste.  coikHUom  for 
The  physical  conditions  under  which  savors  are  prerceived  is  *"'•• 
that  the  substance  shnll  be  presented  in  solution  in  water,  or,  at  all 
erentSi  in  the  salira.  From  vision^  hearing,  and  smell,  the  sense  of  taste 
differs  in  llie  circumstance  that  it  rtiquires  the  contact  of  the  acting  Iwdy; 
and,  to  a  certain  extent,  the  some  distinction  wliicli  has  been  made  re- 
garding such  substances  as  can  act  on  the  olfactory  mechanism  might 
also  be  made  here;  tliat  is  to  say,  that  there  are  two  classes  of  agents 
which  affect  the  organ — those  which  produce  a  mere  pungent  scnsaiion, 
and  those  which  excite  savors,  properly  speaking,  for  the  irrimtloM  and 
former  will  frequently  give  rise  to  specific  action  when  ap-  "*"«"■ 
plied  to  otiicr  portions  of  the  surface  of  the  skin. 

Sensations  of  taste  arc  very  frequently  conjoined  with  olfactory  per- 
ceptions, so  that  we  mistake  the  one  for  the  other.  There  ConneeUoo  of 
are  many  substances,  reputed  to  have  a  powerful  flavor,  ^p^J^^i* 
which  become  tasteless  when  the  nose  is  held ;  and  this  re-  uutM. 
mark  applies  more  particularly  to  such  as  arc  at  the  same  time  volatile 
and  soluhle  in  water.  However,  irrespectively  of  tins,  some  of  those 
bodies  which  produce  tlic  most  intense  and  permanent  impression  on  tlie 
oi^ans  of  taste  do  so  merely  in  virtue  of  their  solubility,  as,  for  exam- 
ple, quinine,  which  is  a  non-volatile  body.  The  intensity  of  such  action 
depends  on  the  duration  of  contact  and  the  degree  of  exposure  of  the 
mibstance  to  the  tongue,  so  that  the  papillce  may,  as  it  were,  become 
thoroughly  permeated. 
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Ta*tM  dsptnd- 
■nt«n  ftcci' 
(teotalagsnu. 


The  idea  of  taato  may  arise  irrespectively  of  the  presence  of  any  achul 
substance.  A  sharj>  blow  \rill  produce  it,  as  also  the  passage 
of  a  feeble  voltaic  current.  It  was,  indeed,  in  tliis  way  that 
the  first  observatiou  in  galvanic  electricity  was  made.  A 
narrow  jet  of  air  directed  npon  the  touguc  causes  a  taate  resembling  that 
of  ealtijetrc.  If  the  tongue  be  dry  and  (larchcd,  its  power  of  disczim- 
inating  tastes  is  greatly  enfeebled,  and  the  same  thing  takes  place  if  its 
temperature  is  very  much  cliangcd,  citlicr  by  elevation  or  deprcssK», 
as  by  keeping  it  for  a  short  time  in  contact  with  hot  or  very  cold  water. 
The  action  of  the  tongue,  as  tlie  organ  of  taste,  depends  upon  the  pa- 
Hi  ct  re  of  P^^"^  wluch  aro  on  its  surface.  These  structures  give  to  the 
the  papiUtt  of  upper  ]>ortion  of  the  tongue  its  rough  appearance.  They  an 
******  of  three  kinds :  Ist.  The  conical  papilla^  which  arc  the  most 

numerous;  2d.  The  circumvallatc  papiUa%  which  arc  situate  near  iht 
ba5C  of  the  organ,  and  which  arc  from  ^  to  -jJj  of  an  inch  in  diameter, 
with  n  crater-like  depression,  round  the  edge  of  which  is  a  groove,  and 
ngain  a  circular  elevation;  3d.  The  fungiform  papilla-,  which  are  chieflr 
on  llic  sides  and  tij*,  their  shajx;  being  conical,  llic  narrow  end  of  the  cone 
being  downwar<i.  The  epithelium  of  the  tongue  ia  less  dense  over  the 
fungifonn  papLihc,  and  hence  their  projecting  appearance :  it  is  more  denae 
over  tlie  conical  papiiht,  and  projectii  from  lliem  in  processes  which  pw 
ftont  an  aspect  like  that  of  hairs.  Some  of  tiiem  contain  bair-tuUa 
Besides  these,  tho  surface  of  the  tongue  presents  a  papillary  stmcton 
resembling  Uiat  of  the  skin — secondary  papilhe,  as  they  are  termed.  It 
is  supposed  that  the  conical  [lapilh^  are  chiefly  organs  of  prehension ;  t&e 
others  are  organs  of  taste,  but  that  function  is  participaled  in  by  olh«T 
portions  of  the  surface  of  tho  mouth,  as,  for  example,  tJie  soft  i>alate,  it» 
arches,  and  the  tonsils. 

J^iff.  207  represents  the  surface  of  tl»c  tongue  ami  tlic  adjacent  parts: 
a,  a,  lingual  papiLlai;  &,  6,  circumvallate  papil- 
he,  disposed  along  two  converging  lines  fon»- 
ing  the  lingual  V ;  £,  foramen  caectun ;  (2,  d- 
fungifomi  jjapilhc;  e,  e,  filiform  papilhe;  / 
frirnum  cpiglottidis  ;  ff,  epiglottis ;  /*,  anterior 
pillar  of  velum ;  u  stylo-glossus ;  I,  isthnms 
of  the  fauces ;  m,  uvula ;  n,  velum  pcnduluiD 
palati ;  o,  hard  palate ;  j?^  raphe :  y,  ^.  oriBcti 
of  tho  excretory  ducts  of  the  palatine  glands; 
r,  polatinc  glands,  tho  mncoos  membrane  be- 
ing removed;  «,  palatine  glandules;  /,  mu- 
cous membrane  covering  tho  same  glands ;  u, 
palatine  tubercle ;  v,  v,  section  of  the  lower 
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The  oi^n  of  taste  is  placed  at  the  commencement  of  tlie  digestive  ca- 
nal;  hence  the  cliaracters  of  siibatancca  may  be  examined  UMjofth* 
witli  deliberation  while  they  arc  yet  under  the  control  of  the  wMeofi**^. 
will,  for  when  onee  a  body  has  entered  the  ce30{}hagu9  it  is  swallowed  in- 
Toluntarily.  The  tongue,  therctbret  gives  warning  of  the  presence  of  dcl- 
eteriouj!  substances,  and  in  no  small  degree  excite*  the  apjKtitc  by  receiv- 
ing the  impression  of  pleasant  tlavors.  The  essential  condition  under 
which  it  acts  is  a  moist  stale  of  its  surface,  for  the  dry  tongue,  thougli  it 
COJovB  common  sensibility,  after  the  manner  of  any  portion  of  the  exter- 
IhU  tegument,  does  not  enjoy  taste.  One  of  the  duties  of  the  salivary 
gUnds  is  incidentally  to  maintain  this  moistened  condition.  To  a  cer- 
tain degree,  taste  may  bo  regarded  as  a  rctinement  on  touch.  It  differs 
from  vision  and  hearing  in  the  peculiarity  that  there  is  no  sin-  scTm  of  Oie 
gle  nerve  of  special  sense  individually  devoted  to  it,  for  the  ^'W"'- 
ijront  of  the  tongue  ts  sup])Hcd  by  the  lingual  branch  of  tlic  lifth  pair, 
sod  the  liack  by  the  gloss o-pharj-ngeal.  Its  entire  nervous  supply  is 
derived  from  four  different  sources:  the  lingual,  the  hypoglossal,  the 
glosso-plmr}'ngeal,  and  tlic  sympathetic,  representing  therefore  special 
Bcnsibiiity,  muscular  motion,  common  sensibility,  and  s^inpatlictle  reht- 
tioD.  That  the  Iivpoglossal  is  the  nerve  of  motion,  or  muscular  nerve,  is 
proved  beyond  doubt  by  its  section,  after  which  the  motions  of  ihi?  tongue 
are  destroyed,  but  taste  and  toucli  remain.  '^I'he  individual  duty  dis- 
charged by  the  glosso-phoryngcal,  and  the  lingual  branch  of  the  tifth  pair 
respectively,  is  not  so  clearly  determined.  Section  of  the  former  is  at- 
tended with,  loss  of  taste,  though  it  is  not  yet  proved  that  tlicre  is  a  loss 
of  all  kinds  of  taste.  If  the  lingual  branch  of  tlie  fit'th  be  divided,  com- 
mon sensation  at  tlic  tip  of  the  tongue  is  destroyed,  and  tliere  is  evidence 
that  with  this  the  appreciation  of  certain  tastes  disappears.  The  glosso- 
pharyngeal is  distributed  to  the  cii'cuni vallate  papilla;,  and  it  is  said  that 
in  some  birds  the  lingual  is  suppressed.  Upon  tlie  whole,  thcrelbrc,  it 
may  !«  concluded  tliat  these  ncrvea  are  conjointly  engaged  in  the  sense 
of  taste,  the  glosso-pharyngcal  being  engaged  with  those  flavors  which 
affect  the  back  |urt  of  the  tongue,  the  lingual  with  those  which  allect 
the  tip. 

lUuBtrations  of  the  distribution  of  the  hypoglossal  ner%'e  have  ali-cady 
been  given  in  its  description,  under  the  title  of  the  twelfth  pair. 

The  8urfac<!  of  the  tongue  presents  the  tactile  and  gustative  powers  in 
an  inverse  manner.  Examined  by  the  method  described  in  Tictiieuid 
the  chapter  on  touch,  the  compasses  must  be  opened  to  a  great  ^nJ^J'^^ 
extent,  ns  we  jmss  from  the  lip  toward  the  back  of  the  tongue,  longuc 
in  order  that  a  double  impression  may  be  ])erceivcd.  This  condition  ap- 
pears to  be  in  accordance  with  the  requirements  of  the  organ,  common 
taetile  sensibility  being  most  necessary  at  its  outer  extremity^  and  llvv% 
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gradually  passing  off  into  the  refinement  ol' laste,  Tho  action  of  any 
given  substance  may  be  Increased  by  motion  and  pressure,  as  when  it  is 
rolled  over  the  tongue,  or  h(dd  thereby.  Its  sense  of  discrimination  may 
be  rendejwl  more  acute  by  education. 

Aa  with  the  organs  of  the  otiier  senses,  so  with  this,  an  impression 
Dnniion  of  ^tadc  upon  it  docs  not  instantaneously  cease,  but  remains  for 
!*•*«*•  a  certaiii  period  of  time,  indeed,  in  this  instance  longer  than 

in  those.  Hence  many  8ubstanccs  acting  in  rapid  succession  give  rise 
to  a  confused  effect,  tliough  it  ia  said  that,  out  of  snch  inlcrminglings,  an 
accomplished  epicure  can  fasten  hU  attention  on  one,  and  continue  to 
rccognizo  it  Just  as  we  recognize  and  follow  tho  sound  of  one  instrument 
in  an  orchcstnL  No  explanation  has  as  yet  been  given  of  the  manner 
of  action  of  different  tastes,  tliough  it  is  asserted  that  some  act  upon  one, 
and  some  upon  another  set  of  the  papilla\  After-tastes  arc  also  observed, 
Cotnplmirnu  which  ore  occasionally  of  a  couiplcniontary  kind,  as,  for  in- 
•ry  uaua.  stance,  the  intensely  bitter  taste  of  tannin  is  followed  by  a 
8w«!tn(iSfl.  These  after  effects  modify  the  taste  of  substances  which  n)»v 
be  taken  while  they  Inst.  Tliey  therefore  form  an  ample  subject  for  tlie 
profound  contemplation  of  the  epicure,  and  should  oecu])y  the  serious  at- 
tention of  tho  cook.  They  may  be  illustrated  in  a  general  manner  by  t\x 
injurious  effect  of  swoet  substances  upon  tlie  flavor  of  delicate  wines. 

It  has  been  mentioned  tliat  the  passage  of  a  voltaic  current  througli 
™  J  .  ,  the  tongue  causes  an  alkaline  or  acid  taste,  Some  experi- 
■Di^Miin  mentcrs  deny  the  correctness  of  this  statement,  and  assert 
*"***■  that  tho  impression  is  merely  metallic.     The  effect,  ho\*-ev(T, 

depends  upon  the  intensity  of  the  current  employed,  or  on  the  nature  of 
the  pieces  of  metal  used.  If  the  current  has  power  enough  to  decom- 
pose the  salts  of  the  saliva,  acid  or  alkaline  tastes  will  be  detracted,  »» 
cording  as  the  direction  of  the  current  is  made  to  vary,  and  the  acid  or 
alkaline  body  is  disengaged  on  the  upper  or  under  side  of  tlie  tongob 
Subjective  tastes  arise  in  diseases  of  the  ncn-ous  ocnirefl,  but  thc«e  art 
oflcn  rendered  obscure  by  the  exudations  and  furred  condition  of  lli« 
tongue.  Dtigft,  into  the  blood-^-cssels  of  which  milk  has  been  injected 
have  been  observed  to  lick  their  lips ;  and  from  this  it  has  been  in&m^ 
tlmt  the  presence  of  substances  artiticially  introduced  into  the  circulato- 
ry current  m»y  be  detected  by  the  organ  of  taste. 
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CH.VPTER  XXV. 

OF  ANIMAL  MOTION. 

CHiarif  fOuJ  Afuatviitr  ifotioM. — iJearripfian  of  Cilia  and  the  i/anner  of  Aetioiu 

fftumiar  f-Vfrt :  iU  Formt,  \tm-ttrialttl  and  titriattd. — MtucU  Jviat, — Mtamtr  ^  Gmtroetiim 

of  a  ifuarJe:  ita  tm/'/tiy  of  Dtooit-rtsteU  and  AertM. — Itt  Cfiemiaii  Cyuufjt  dminy  Actiritf. — 

Ilm  Hue  (^  Trwfitratvrc. — Kfftrt  of  Kkctricid  CarrrnU. — Dvratian  fff  Cmtrartifitlf. 
Poctriwt  that  Aftacle  ControictiiM  u  the  remit  of  MnucU  £>uinlftfrati<m.—Maim«r  in  itAkA  oprft 

tMry  Cofiaiim  u  bnmgkt  imtoplay. — Moaner  of  Rtttaraticn. — tUfioval  of  the  Seat  and  Oni- 

(fiarJ  UodkM. 
f>^  Mortis. — Chnnrction  o/Mruckfor  Loeotnotiaa. —  Of  Standing. —  WaOnnf/.^ItmrniMg. 

It  was  formerly  held  that  animals  ans  distinguished  from  plants  by 
ho  possession  of  the  power  of  locomotion,  a  doctrine  'whidi 

■^     ^  .  *  ,     ,  ,  Aniinml  motion. 

now  no  longer  bo  regarueu  as  true.  It  was  also  l;c- 
teved  that  llic  mascolar  movements  of  animals  are  due  to  the  inftuenoo 
of  tlie  nerves,  and  that  a  muscular  fibre  contracts  only  when  stimulated 
to  do  so  by  ii  nerve.  This  makoa  the  possession  of  a  nervous  system 
jBssential  to  the  motions  of  animals.  These  doctrines  also  are  erroneous. 
Animal  motion  is  of  two  difiei*ent  kinds:  Ist.  It  is  accomplished  by 
vibrating  cilia ;  2d.  By  the  contraction  of  cells  arranged  in  the  form  of  a 
fibre. 

OF  CIUAKT  MOTtOM. 

Tlic  epithelial  cells  of  the  cylindrical  and  of  the  tcsselatcd  kind  are 
DCcasionAlly  arranged  with  delicate  projecting  stria;  on  their  p^,cripiion  of 
free  extremities.  Tlic  length  of  lhc«e  varies  from  the  -^^i^  »^ii*  "d  their 
*o  *J*c  yg^g'^  of  an  inch.  TJicsc  stria;  arc  termed  cilia,  and 
the  cella  ore  said  to  be  ciliated.  Examples  are  presented  by  ihn  mucous 
menihnine  of  the  respiratory  surface  and  of  tho  nasal 
ca\*itips ;  nn  ilhtstration  is  given  in  J^i^.  208.  The 
cilia  may  be  rcgardtnl  as  prolongations  of  the  ccU  wall 
itself.  Tliey  exhibit  a  vibrating  motion  back  and 
forth,  which  recalls  the  movements  of  stalks  of  grain 
in  a  field  as  the  wind  is  passing  over  it,  the  cars  bend- 
ing down  and  rising  again  in  the  breeze,  and  throwing 
the  whole  surface  into  waves.  The  cilia  also  exhibit  a  mov^cmcnt  like 
that  known  as  the  feathering  of  an  oar,  or  sometimes  as  turning  round 
tipon  the  point  of  attachment,  as  upon  a  centre,  giving  rise  to  a  sort  of 
conical  motion,  the  free  end  describing  a  circle.     These  motions  eeftm  1<^ 
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be  perfectly  involuntary,  for  tlicy  not  only  take  place  Iwig  after  death, 
but  even  in  detached  portions,  the  ciliary  cell  being  aninjured  and  entire. 
The  ficata  of  ciliary  action  arc  always  moistened  surfiux^s.  The  condi- 
tion for  the  continuance  of  the  motion  after  death  ia  accordingly  that  the 
surface  shall  be  kept  moist,  but  it  is  also  nccesaatr  that  a  certain  tcm- 
pcrature  should  be  observed,  which  in  warm-blooded  animals  most  not 
fall  below  42**  F,  Even  after  the  motion  has  completely  ccased«  a  solu- 
tion of  carbonate  of  potash  rc-cxcltcs  it,  bat  this  docs  not  take  place  with 
ammonia,  because  it  injures  the  ciliated  cells. 

Ciliary  motion  is  independent  of  nervous  agency.  The  control  < 
pcrature  and  of  chemical  reagents  over  it  shows  that  it  ia  of  a  pi 
nature. 

In  the  lower  orders  of  life  ciliary  movement  is  reliod  on  both 
Vmn  of  cUuuy  purposes  of  locomotion  and  prchcusion. 
luoUoiu  ^^^^  209  illustratca  this  in  tho  case  of 

a  vorticcUa,  the  upjH'r  edge  of  wliich  ahows  euch  a 
niechaiiLsm.  It  is  often  »tJitcd  that  in  the  higher  an- 
imals tlic  object  is  to  dctcrmme  a  movement  of  the 
liquid  which  moistens  tho  ciliated  cells  in  the  direc- 
tion uf  the  outlet  of  the  tube,  or  other  surface  which 
tliey  line.  In  this  way  the  action  of  titc  cilia  may 
tend  to  the  expulsion  of  material  from  the  air-cells 
of  the  lungs  into  tho  bronchial  tubes.  In  reptiles, 
whose  urinary  tubelcts  arc  furnished  with  tlus  mech- 
anism, tlie  secretion  may  be  urged  thereby  in  tlie  proper  direction. 

The  contractile  tissue  which  enables  such  animals  as  the  hydra  {/t;|!. 

Kmbrytraio       ^^^)  ***  execute  movements  of  prehension  and  locomotion 

eMirucOt  tU-  may  perhaps  bo  regarded  as  tho  rudimentary  state  of  the 

structures  next  to  be  described.     The  annexed  aketch,  frocn 

M^tia  Trembley,  illustrates  iU 

manner  of  progression  of 
tliia  animal.  Ko  trace  of 
a  proper  muscular  fiblt^ 
mid  none  uf  a  nervous 
uydn  w>ULiDs.  systcm,  have  hitherto  1 

detected  in  it. 


ClUatod  uUulcttlft 


Of  MuscMlar  MqUqtu 

The  muscular  flystem  consists  of  muscular  fibres,  tendons,  bonea» 
gcthcr  with  various  accessory  parts,  such  as  ligaments,  sheaths, 
mucoaaj,  synovial  capsules,  fascia.     Its  action  depends  on  tho  prim&rr 
fact  timt,  under  appropriate  influences,  muscular  fibre  shortens. 

iuich  voluntary  muscle  consists  of  a  collection  of  fasciculi,  which  ex- 
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)iibit  tiio  cliaractcnstic  appearance 
of  tninsvcrse  strintion,  ns  in  llio 
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pbotogrnph  of  musoulor  stnicmre  of  the  frog  {J'lff.  211).  VQiunurymm- 
TIic  primary  fasciculi  nre  collected  into  larger  bundles,  wUr  f«*clcult 
secondarr  mugcular  fusciculi,  Iidd  together  by  connective  tissue,  and 
thcM,  again,  into  still  larger,  the  tertiary. 
The  primttiro  fasciculus  is  enveloped  in  a  delicate  sheath,  the  sarco- 
as  shown  in  /Vy.  212,  in  which  the  fasciculus,  though  torn  acrosSt 
« Iwld  together  by  the  sarcolcmma.  Tho  specimen  is  from  the  human 
muscle  I^iy.  213  is  a  good  representation  of  the  same  fact.  It  is  given 
by  Todd  and  Bowman  from  lliu  skate.  Tho  sarcolcmma  is  a  delicate 
membrane,  which,  though  of  great  tenuity  in  man,  niny  be  made  visible 
by  tlio  action  of  acetic  acid  or  alkalies.  Within  the  sarcolcmma  the 
primitive  fasciculus  is  seen  to  be  composed  of  many  parallel  fibrils, 
which  may,  by  maceration  or  chemical  agents,  be  separated  from  one  an- 
other. These  fibrils  present  a  beaded  aspect,  and,  since  tJicir  eoaslitucnt 
elements  are  arranged  side  by  side  in  parallel  phines,  they  uitim«u!  miu. 
give  to  the  fasciculus  the  appearance  of  striation  it  presents.  •'"'•"^  "*"'• 

The  longitudinal  striation  of  the  fas- 
ciculus arises  from  the  fibrils  them- 
selves. Ilere  and  there,  in  the  inte- 
rior of  the  sarcolemnia,  nuclei  occur  ir- 
regularly, and  with  them  fat  granules. 
The  fibrils,  with  the  fat  and  a  liquid, 
till  the  sarcuU'mina,  without  leaving 
any  central  canal  or  hollow  axis. 
J^i'j,  214  is  a  photograph  of  ulti- 

1^^-—^^^^      ^•^C^.X    \ /       i"^'o  muscular  tibrc  of  tlic  pig,  from 
^^  ^X^^s.  ^^ScV^       one  of  Mr.  Tjcaland's  preparations.  The 
^-^     \v^^^^6^^^  rectangular  form  of  tho   constituent 

rmnmtt  miirf-ii»lii^rT?nHi't-  iiiimni--   ccUs  is  Well  seen  at  a^  a,  a.     Aa  h^ 


/v,,  «u 


434 


MfSCLE  JnCE. 


Utuelfl  juice. 


pro1)ubly  by  reason  of  n  twist,  tension,  or  undue  strata,  a  spiral  appcai- 
ance  is  presented ;  c,  c  are  the  primitive  fasciculi. 

A  6uid  surrounds  the  fibres  of  striiwd  muscles,  and  the  fibre  celL)  of 
smooth  ones,  which  is  wholly  ditfercnt  from  the  plasma  of 
the  blood.  The  cxjxrimcnts  of  Schultz  show  that  this  floid 
contains  a  Urge  amount  of  casein,  a  conclusion  of  considerable  import- 
ance,  since,  if  thcrc  were  any  doubt  of  the  occurrence  of  ttiat  substanoe 
in  the  blood,  this  fact,  at  all  events,  renders  it  certain  that  the  mamntair 
gland  is  not  necessary  to  its  formal  ion.  That  the  subslanco  thus  occur- 
ring is  eas^n  is  proved  by  the  action  of  rennet. 

Muscle  juice  undoubtedly  arises  ivithin  tlie  sarcolcnmia  through  whiclj 
it  exudes.  Koch  fibre  therefore  presents  four  objects :  the  syntonin,  the 
nucleus,  the  sareolemma,  mid  the  muscle  juice.  That  the  raitscle  juice 
arises  in  part  from  the  functional  activity  of  the  fibre,  and  is  ijnmcdi&te- 
ly  derived  from  the  waste  of  its  syntonin,  and  that,  in  its  turn,  the  syn- 
tonin is  closely  allied  to  tlie  substance  of  the  nucleus,  is  shown  by  their 
exhibiting  almost  the  same  chemical  reactions  with  alkalies,  acids,  etc 

The  sareolemma  is  not,  however,  filled  with  syntonin;  it  contoius  li^ 
sides,  as  stated  above,  a  certain  quantity  of  fat,  as  may  be  demonstrated 
by  removing  from  tlio  sareolemma  its  syntonin  by  acids,  when  a  granu- 
lar material  will  be  left.  That  this  is  fat  is  proved  by  its  solubility  in 
sulpliuric  ether. 

The  sareolemma  does  not  belong  to  the  protein  class  of  bodies,  butii 
Ssrrtiirni-  ratlicr  analogous  to  elastic  tissue.  The  color  of  muscle  appears 
"■"'  to  be  not  so  much  due  to  the  blood  as  to  a  special  pignwmt, 

which,  perhaps,  adheres  in  a  free  state  to  the  fibrils.  The  muscle  juice 
contains  relatively  far  more  potash  salts  and  phosphates  than  the  blood, 
as  is  shown  by  the  following  table  from  Licbig, 

For  one  hundred  parts  of  soda  there  occur, 

In  tlio  ben,     40.8  of  potnsh  in  the  bluod,  and  381  in  tbo  niascle  Jidoe. 
*'       ox,         &.0  "  "  •'  S79  **  " 

"       Lowe,    9.5  "  »  «  28^  "  " 

"       fox,        —  "  "  "  2U  »'  " 

"      jiikc,      —  •'  "  "  497  "  " 

It  is  commonly  staled  that  muscular  motion  is  accomplished  by  fibres 
Twoftimaof  <>*'  ^^'^  dilVerent  kinds:  Ist.  Tlie  simple,  non-striated,  on- 
nnwruliir  striped.  Or  organic  fibre  ;  2d.  The  striated,  strii)cd,  or  voXvb- 
•truiej«iid  ta>7  iibre  just  described.  Though  this  subdivisiou  maybe 
strUtcj.  convenient,  it  can  scarcely  be  regarded  as  accurate,  since  tliB 
former  variety  passes  by  insensible  degrees  during  development  into  the 
latter,  and  cases,  indeed,  are  not  wanting  in  which  the  same  fasciculus 
presents  in  diiFercnt  parts  both  conditions  at  once. 

The  non-8trlatcd  muscular  fibre,  Z'/^,  215,  consists  of  tninslacent  bands 
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lof  a  sofl  grantilnr  material,  varying  from  the  ^^j^  to  j-^fp^  of  an  incli  in 
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brcadtin  and  exliibiting  hero  and  tliere  the  traces  of  yon-«iria- 
nuclei,  particiiliirly  after  tlic  itibrc  has  Ijccn  acted  on  by  ***'  *'"•■ 
acetic  acid,  as  is  ahonn  in  -F/V7.  216.  Each  fihrc  may  be  re- 
garded as  an  arrangement  of  nucleated  cells,  the  nucleus  be- 
ing of  a  cylindroid  or  spindle  form.  TIic  contractile  content 
.  Tfitliin  is  syntonin.  Non-striated  fibre  is  not  usually  attach- 
ed to  fixed  points,  as  to  bone, but  by  being  collected  into  par- 
allel bundles,  different  bundles  interlacing  with  one  another, 
contractile  planes  or  surfaces  are  formed,  such  as  tlie  cylindri- 
cal coat  of  muscular  structure  of  the  digestive  tube,  or  the 
contractile  layer  of  the  tirinary  bladder.  Similar  fibres,  im- 
bedded in  the  akin  and  connective  tissues,  communicate  to 
them  the  quality  of  corrugation  or  contractility.  The  fascic- 
uli are  bathed  externally  with  an  acid  juice,  cliaracterizcd  by  con- 
taining salts  of  potash,  phosphoric  acid,  creatine,  and  inosite.  The 
general  appearance  of  fibre  cells  of  this  class  is  given  in  J^iff.  217 : 
a  is  from  the  small  intestine  of  man;  A,  from  the  fibrous  invest- 
ment of  the  spleen  of  the  dog.     (Kolliker.) 

Contmctile  fibre  cells  present  the  following  reactions:  Acetic 
acid  causes  the  fibre  to  swell,  and  makes  the  nucleus  more  Contractile 
risible;  it  occasions  a  complete  dissolution  when  in  a  fit""'^eils. 
concentrated  state.  Dilute  hydrochloric  acts  in  a  similar  manner, 
the  effect  in  (his  instance  being  the  same  with  the  fibres  of  bolli 
smooth  and  striped  muscle.  Tfic  examinnliona  thus  far  made  have 
shown  no  difference  in  ultimate  composition  between  these  forms. 
The  striated  mu.scular  fibre  consists  therefore  of  fasciculi,  with 
an  elastic  investment  of  sarcolcmma,  collected  into  bundles,  strUi«a 
and  invested  with  perimysium.    The  contractile  constituent  ^*'">- 
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13  syntonin;  and  tbougli  the  general  rule  is  tluit  tlic  primitive  bundks 
shall  run  isolatccUy  and  pftrallol  to  each  other,  in  certain  cases  thcr  anas- 
loinose^  Kig-  60.  In  its  ultimate  construction,  the  Ibrm  of  fibre  may  bo 
regarded  as  consisting  of  a  series  of  cells,  as  shown  in  ^-7.  214,  the  di- 
ameter of  which  varies  according  to  the  actual  condition  of  the  muscle, 
whether  it  is  in  the  contracted  or  rclaxed  state,  bat  which  may  be  taken, 
on  an  avcragCi  at  the  ^;^}^^^  of  an  inch.  The  cells  arc  placed  end  to  end, 
the  boundary  walls  upon  tiic  end  presenting  the  appearance  of  a  delicate 
transverse  line.  I'^h  cell  consislB  of  two  portions,  a  central  spot  and 
a  pellucid  border.  The  pellucid  border  is  considered  by  Dr.  Carpenter, 
whose  views  of  niu&cular  structure  we  arc  here  presenting,  to  be  the  ecU 
wall,  the  central  space  being  the  ca\*ity  of  the  cell  filled  with  some  highl)' 
refracting  substance.  Dr.  Carpenter  speaks  of  the  central  spot  as  dark; 
an  insjiection  of  the  photograph,  Fiy,  214,  proves  that  it  may  be  ligiil  if 
exactly  in  focus.  When  the  HbiU  is  in  a  relaxed  state  the  longest  axis 
of  eacli  ceil  coincides  with  the  length  uf  iho  fibril,  but  when  contractioa 
occurs  this  axis  shortens,  and  a  Hhorlcning  of  the  entire  fibril  is  tlic  ro- 
sult.  A  number  of  the-se  fibrils,  placed  side  by  side,  constitute  a  iaacieu* 
lus ;  indeed,  tlierc  may  be  many  hundreds  of  them  thus  bound  together. 
When  such  a  fasciculus  is  forcibly  ruptured  it  presents  ditTerent  appea> 
auces,  according  as  the  ends  or  sides  of  its  constituent  cells  have  cobcRtl 
most  strongly  together.  If  the  lateral  cohesion  is  weakest,  the  faacica* 
lus  tears  into  its  constituent  fibrils,  as  was  shown  in/'iy.214,  but  if  tlic 
end  cohesion  is  the  weakest,  it  will  tear  into  discs  or  plates,  as  in  Fi^. 
IV- SIS.  218.     The  fasciculus  ia  thus  a  bundle  of  fibrils,iis 

diameter  Viirying  very  greatly,  and  being,  in  man, 
from  the  ^^^0  the  yj^  of  an  inch;  in  fcmaleaii 
is,  on  an  average,  smaller.  Kacli  fibril  is  a  lincAi 
scries  of  coalesced  cells.  The  cells,  as  they  form 
the  fibril,  lose  their  rounded  and  assume  a  rectan- 
gular appearance,  ns  sliown  at  a,  a,  /Vi/.  214.  It 
therefore  appears  that  each  fibril  roust  have  its  oim 
investing  alicath,  t!ie  representative  of  the  walls  of  the  little  cells  wliiii 
liave  coalesced,  and  this,  thougli  not  usually  admitted  by  anatomists,  flp- 
]>ears  plainly  in  the  photograph  from  which  that  figure  ia  taken.  In 
length,  muscnlar  fasciculi  vary  from  the  sixth  of  an  inch  to  two  frtt 
Tiie  larger  animals  furnish  some  that  are  even  niucli  longer.  Tlie  nor- 
mal form  is  doubtless  cylindrical,  but  this  is  constantly  departed  fromt 
each  accommodating  itself  to  the  prcssuj^  of  the  aJjacoiit  onea.  Tlic 
Barcolenima  serves  as  a  partition  between  its  included  fibrils  and  the  c:^>- 
illary  blood-vessels  and  nerves,  which  imbed  themselves  in  the  rounded 
angular  spaces  between  adjacent  bundles.  The  cross  section  of  a  por* 
tion  oi'muscle  shows  the  raanncc  in  which  the  sarcolcmma  and  the  fibre* 
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tissue  is  more  vascular  ns  its  fascicnli  arc  of  less  diameter. 

It  has  already  been  stated,  in  conncetion  with  ^tV;.  211,  that  the  stri- 
ated form  of  muscular  fibre  derived  its  name  from  the  circumstance  that, 
when  examined  by  a  sulficicntly  high  power,  it  appears  to  be  crossed  by 
delicate  transverse  lines,  the  longitudinal  separations  between  tlic  Hhrils 
being  also  visible.  This  is  seen  in  the  specimen  of  insect  muscle  rcpre- 
Mntcd  in  the  photograph,  I^iy.  221,  and  under  a  still  higher  magnifying 
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power  in  that  of  Fiff.  222.  The  dis- 
tance between  the  trnnsverse  stria?  ra- 
rie0  with  the  condition  of  the  muscle, 
but  on  an  average  it  is  represented  as 
being  about  the  ji^  of  an  inch.  Jlany 
more  stria;  arc  crowded  together  when  contraction  takes  place,  and  they 
retire  from  each  other  as  soon  as  relaxation  occurs. 

It  is  said  that  tlie  voluntary  muscles  contain  in  their  muscle  juice 
more  acid  than  is  enough  to  neutralize  all  the  alkali  of  the 
blood.     Tlie  electro<hcniical  relations  of  this  intcrfascicuhLr 
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acid  juice  and  tJic  alkaline  plasma  oi  tlic  blood  aro  doubtless  the  cac!^ 
of  tlic  production  ot'tboso  electric  currents  which  have  been  demonstrated 
in  the  muscles.  It  docs  not  follow,  therefore,  that  these  currents  occoi 
in  the  natural  atato :  they  may  be  the  result  of  the  experimental  aITaIlg^ 
meiit  for  thrir  own  detection,  since  it  lias  long  been  known  that  is  acid 
and  an  alkaline  juice,  separated  from  each  other  by  a  conducting  organic 
body,  will  form  an  effective  voltaic  circle. 

Of  the  contractile  clement  of  muscular  fibre,  syntonin,  it  may  be  re* 
marked  that  it  can  be  dissolved  by  the  aid  of  dilute  Iiydrciclilo- 
ric  acid,  and  tliat  it  differs  from  fibrin  of  blood  not  only  in  tliai 
respect,  but  also  both  in  its  ultimate  coni{>osition  and  physical  and  chem- 
ical ijualities.  In  certain  cases  it  seems  to  degenerate  into  fatty  sul)- 
Btaiice.  In  tlie  growth  of  a  muscle,  tlie  constituent  iibrils  increase  in 
number  nnd  in  length,  their  diameter  rcmoining,  however,  nearly  the 
samo  as  in  the  early  periods  of  lite.  The  thickening  of  a  muscle  is, 
therefore,  not  so  much  due  to  the  thicUcning  of  its  constituent  fibrils  us 
to  their  increase  of  number. 

The  contraction  of  a  muscular  6hrc  docs  not  take  place  titroughout  its 
M  rMTofcDif  ^^''''°^*^  length  at  once ;  it  generally  begins  at  the  end,  a  cliai^ 
tractian  of  ■,  of  asppct  ariKing  from  the  approach  of  the  opaque  ccntzrs  of 
iiiumU-.  ^j^^  ^^^^  ^^  Q^^  another,  and  this  occurring  simultaneous!)' 

across  the  whole  fibre.  This  ajiproach  may,  however,  ensue  in  diffrtwi 
parts  of  the  length  at  the  same  time,  the  sareolemma  being  rused  up  in 
buUo!  as  the  contraction  takes  place.     This  effect  is  shown  in  /7^.  T2Z, 
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in  which  the  thickened  j>or1ion  of  the  contracted  middle  space  of  the  mus- 
cle is  surrounded  with  the  sarcolem- 


n^.  «i 


inic  bulla!.  The  same  Ls  demon- 
strated in  J'^iff.  224,  which  repre- 
sents tlie  border  of  a  muscular  fas- 
ciculus in  a  young  crab,  with  n  spot 
of  contraction,  atid  the  sarcolcmnu 
elevated  along  the  edge  In  these 
cases  the  contraction  is  broagbt  on 
by  tlio  action  of  water,  which,  b 
some,  measure,  may  exaggerate  or  disturb  t!ie  phenomena.  J^t'y,  225 
exhibits,  under  the  same  circumstances,  a  fasciculus  from  tlio  ccL  a  bmng 
ihe  uncontracted,  b  the  coTittatVcA  \»aTt,  w\  iVwi  wl^  of  which  the  sarco- 
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lemma  ia  again  raised  up.  The  two 
latter  illustrations  arc  from  TodJ  and 
Bowman. 

DiiFerent  portions  of  the  length  of 
the  fibre  assume  this  condition  at  dif- 
ferent moments,  and  hence  the  whole 
r«i«>ia.«ntr«u«s.-  Rtructurc  is  thrown  into  a  form  wiiich 

recalls  the  motion  of  a  worm.  The  zigzag  appearance  pointed  oat  hj 
Prcvost  and  Dumas  arises  from  tlie  circumstance  that  when  relaxa- 
tion of  the  fibre  occurs  all  its  parts  are  not  brought  at  once  into  the 
same  state,  but  while  some  are  contracted  others  are  in  the  opposite  con- 
dition. A  muscle,  during  its  contraction,  appears  to  have  nearly  the 
same  solid  dimensions  which  it  had  during  its  i>daxation.  This  has  led 
to  the  deceptive  conclusion  that  wliatercr  it  has  lost  in  length  it  has 
gained  in  thickness.  There  must,  however,  be  a  diminution  coiTcspond- 
ing  to  tiie  recognized  amount  of  waste,  for  it  is  well  known  that  destruc- 
tion of  tt  portion  of  its  tissue  is  the  essential  condition  of  tiic  activity  of 
a  muscle.  The  various  degrees  of  energy  with  wliich  the  contraction 
takes  place  at  di0ei-CDt  times  is  to  be  explained  not  so  much  by  the 
more  or  less  energetic  shortening  of  the  cells  as  by  the  varying  number 
of  fibres  which  arc  simultaneously  contracting,  or  by  the  different  frac- 
tional portion  of  each  wliich  is  going  into  action  at  once.  As  tiie  mus- 
cular ctTcct  is  more  energetic,  so  will  the  sense  of  fatigue  be  more  speedy, 
for  while  one  fibre  is  acting  another  is  resting,  and  the  same  remark  ap- 
plies to  different  parts  of  even  the  same  fibre.  It  is  to  this  reciprocar 
tion  of  motion  tltat  the  sound  usually  emitted  wliilc  the  muscle  ia  in  ac- 
tion, a  low  ringing  sound,  is  to  be  attributed. 

Striated  muscle  is  often  attached  to  bone,  or  other  substance  on  which 
it  has  to  exert  its  mechanical  power,  by  intervening  fibrous  j^i^^^^  nitwh- 
tissue  constituting  tendon.  These  fibres  are  collected  in  ^a  m  inno  by 
groups,  BO  as  to  present  primary,  secondary,  and  tertiary  fas- 
ciculi. The  tendinous  fibres  are  brought  in  relation  with  the  sarcolem- 
ma,  and  thus  form  a  sheath  connected  with  adjacent  ones  by  other  de- 
tached fibres.  These  may  be  considered  as  converging  from  all  parts  of 
the  muscle  to  its  extremities,  and  thus  giving  rise  to  its  tendon.  In 
fff  ^'^  some  instances  the  muscular  fibres  attach  them- 

selves to  the  side  of  the  tendon,  wliich  does  not 
then  undergo  subdivision. 

From  the  peculiar  structure  of  muscular  tis- 
sue, the  capillary  vessels  whieli  are  distributed 
to  it  must  run  in  a  direction  for  the  most  part 
parallel  to  its  fibres,  as  in  J^i^.  226.     Their 
ipuisriet.  niode  of  branching,  transverse  and  longitudinal, 


They  never  penetrate 


is  shown  in  Tw'y.  227,  a  being  the  artcTy.  f>  the  t^'-  '^■ 

Dl*tTlMinnof  vein,  c,  capillary  jilexus.  Kachni- 
LlowI-v.■^4>■Utn  teriaJ  brADch  has  usually  two  veiUB 
nrxKiv.  comites,  and  tbe  supply  of  these 

capiHarios  has  a  gencnil  coiTcs|K>ndcnce  to  the 
number  of  fibrils.  The  lymphatics  are  not  nu- 
merous. YasciUar  distriliution  to  the  tendons 
is  niu\.h  more  sparing.  By  the  muscular  blood- 
vessels a  triple  fiinction  has  to  be  disduirged : 
tlicy  furnish  oxidized  bloody  on  whicli  the  action 
of  tlic  muscle  depends ;  they  remove  the  waste 
which  arises  as  the  consequence  of  that  activity ; 
they  also  repair  that  waste  by  ]>resenting  the 
elements  of  nutrition.  The  younger  Liebig  has 
demonstrated  that  a  muscle  can  not  contract  ex- 
cept it  be  furnished  with  osygcn»  and  that,  as 
long  as  the  capacity  for  contraction  continucst  it 
absorbs  oxygen  and  yields  carbonic  acid. 

In  the  same  general  manner  tliat  the  blood- 
vessels are  distributed,  so  likewise  arc  the 
nerves.     An  example  of  this  is  seen  in  I^iff.  228. 

DUtrii.utu.nof  »^^«  «ireolcmma, 
narrfii  to  oiui-  but  run  iu  close 
contiguity  with 
it,  their  distribution  to  dif- 
ferent parts  of  tlic  fasciculi 
being  very  unequal,  somo 
parts  being  quite  sc.intily  fur- 
nished, the  nerve  fihinienta 
coming  in  contact,  as  it  were, 
at  occasional  points.  The 
opinion  is  generally  maintnin- 
ed  among  physiologists  that 
the  nerves  present  toward 
their  extremities  a  looped  arranrn^mcnt,  as  shown  in  J^iff,  228,  but  by 
some  il  is  asserted  tiiut  tiie  termination  is  in  an  extremely  delicate  point, 
or  bitid,  or  tritid,  without  exhibiting  any  return.  Of  the  two  forms  q( 
muscular  tissue,  the  striated  i-q,  for  the  most  part,  supplied  trona  the  ccrc- 
faro-spinal  system,  the  non-striated  from  the  sympathetic. 

The  manner  of  development  of  muscular  fascicnius  seems  to  be,  that 
PeTBlopment  the  sarcoleniraa  is  first  produced  as  a  thin  and  delicate  tube 
of  mmoie.  \jy  ^|jp  coalescence  of  cells  nrrangcd  linearly,  the  w.nlls  of  which, 
where  they  oome  in  contact  at  the  ends,  arc  oUiteratcJ,  giving  origin  to 
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It  elongated  Lnnd.  A  grnmilnr  inritcrinl  then  occupies  the  interior  of 
he  tube.  Viewing  the  surcoleinma  as  the  sum  ot'tlio  coalesced  cell  walls, 
be  fibrils  aic  to  be  regardiid  as  a  development  from  the  granular  cell  con- 
ents.  Tbcj-  fomi,  by  n  sort  of  endogenous  process,  tixnu  without  to 
Kthin.  The  nuclei,  as  has  already  been  remarked,  ore  on  the  inner  sur- 
icc  of  the  sarculcmma,  and  not  within  the  cells.  TJiu  structure  la  not 
nridcnt  until  after  tlie  end  of  the  second  month  of  fuulal  life,  but  by  the 
i>artb  month  it  has  ho  mneh  advanced  that  the  muscle  assumes  a  pale 
ed  aspect;  the  tendons,  which  have  already  begun  to  be  distinctly  dif- 
ntiatcdt  arc  gray.  At  birth  the  structure  has  become  so  far  com- 
.eted  that  the  Hbros  can  bo  isolated.  Tiic  condition  which  the  non- 
iated  fibre  presents  is,  therefore,  tJmt  beyond  which  the  striated  librc 
passed,  and  in  this  respect  the  former  may  be  regarded  as  an  cmbry- 
mic  Blatc  of  the  latter.  In  some  insect  muscles  an  instructive  intcrme- 
l»tc  condition  is  seen;  fibres  may  be  found  striated  toward  t!io  middle^ 
lud  non-slriatcd  at  the  ends,  as  though  impcrt'cctly  developed.  Tho 
thoracic  muscles  of  insects,  which  offer  a  beautiful  example  of  muscular 
Itmctarc,  arc  not,  however,  to  be  regarded  as  presenting  primitive  fibrils, 
t  ratbcr  non-fibri Hated  primitive  bundles.  This  I  consider  to  be  llio 
with  tho  specimens  from  which  the  jihotographs, /7^^.  221,  222, 
taken.  Though  not  .«o  apparent,  nuclei  exist  in  the  striated  fibre 
en  of  adult  life,  and  discharge  an  active  function.  At  this  period,  the 
se  of  thickness  of  tlic  muscles  is  to  be  attributed  to  an  increase  in 
number  of  the  contained  fibrils,  which  individually  have  about  the 
.me  dimensions  as  before  birth. 

CompofUion  iff  Ox  Mu9ek. 
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The  result  of  the  chemical  change  which  muscular  fibre  undergoes  dup- 
ng  the  periods  of  its  activity  is  eventually  manifested  by  the  Chemifal 
ippearanre  of  carbonic  acid  and  urea,  and  also  salts  of  sulphuric  j,^**^,;^!^ 

'  '  the  two  latter  escaping  from  the  system  tlirougli  liic  uri-  of  miwclo. 


442 


PTKCnOW  OF  ilL'SCULAR  FIBRE. 


noiyflpparatos;  tlip  formort  in  ytarU  llirougli  the  lunga.    Tliat  tlicse  prod- 
ucts arc  1o  be  attributc<l  to  niusculur  waste  is  iiii'ened  irom  ibetr  in^ 
creftso  or  diminution  y:'nh  increases  or  diiQinations  of  muscular  ojcerlioB. 
In  the  vohinlary  fibres  tliere  is  commonly  a  necessity  for  repose,  during 
whic}i  i-ejuiir  of  the  waste  is  taking  place ;  bat  in  tliosc  organs  wludi 
are  in  ceaseless  action,  as  tlio  ht^nrt  and  diaphragm,  the  rcpoir  or  nutri- 
tion goes  forward  at  an  equal  rate  with  the  waste,  and  no  period  of  nst 
is  required.     It  necessarily  happens,  during  the  destruction  of  tlus  ttft* 
Bi»oftri«D«r-  ^^^  ^-'  ^^'^  arterial  blood,  tliat  a  rise  of  tcnijKoulurc  most 
atiiK in  iiiui-    ensue,  and  such  a  rise  has  been  actually  observed  to  the 
r  nc  OB.     amoyj^t  of  a  dcgi-cc  or  more,  notwithstanding  the  constant 
tendency  to  the  removal  of  the  heat  by  the  constant  current  of  venous 
blood  flowing  from  the  muscle.     There  is  no  necessity  to  attribute  the 
elevation  of  temperature  to  friction  among  muscular  fibres,  and,  indecil, 
the  amount  that  could  ariso  in  that  way  must  be  vory  iiisigniticant,  and 
not  to  be  for  a  moment  compared  with  that  duo  to  the  oxidation.     Erea 
in  muscles  which  have  been  removed  firom  the  body,  and  made  to  coo- 
tract  by  the  aid  of  magnoto-electric  currents,  cimnges  of  composition  nuy 
be  detected. 


or  TiiK  rvxcnoot  or  iccicinjui  runs. 


The  mechanical  action  of  muscular  fibre  depends,  as  we  have  seen,  on 
y»tur«  of  tbe  shortening  of  the  long  axis  of  the  cells  of  which  the  Bhw 
owtnotiliiy.  djc  composed.  To  tliis  rcsidt  the  designation  of  contractility 
is  glveu,  and  the  property  by  whicli  the  fibre  is  enabled  to  exhibit  this 
shortening  is  designated,  agreeably  to  the  metaphysical  system  of  the  old 
physiologists,  who  were  eontcnt  to  accept  a  word  as  an  explanation  af 
a  fact,  by  the  term  irritability ;  this,  as  bcmg  useless,  may  be  discarded; 
the  former  wc  niuy  continue  to  employ. 

At  one  time  it  was  supposed  that  tho  contiaetion  of  a  muscular  fihre 
ContMctiiity  depends  80  completely  upon  the  agency  of  the  nervous  syateni 
cm  onThlf  '^^  *'  might  be  considered  as  the  direct  ftinction  thereof;  hot 
acrve*,  a  morc  critical  examination  of  the  circumstances  of  the  short- 

ening of  the  fibre  cells  shows  that  it  possesses  many  features  in  coumoD 
with  tho  same  contraction  of  tho  cells  of  plants,  whicli  have  no  nerroos 
ayetom.  The  infiuence  ]>assing  along  the  nerve  filprils  is  only  ono  out  of 
many  which  can  cause  muscular  contraction.  There  is  abundant  eri- 
donco  in  support  of  the  position  that  contractility  is  tho  result  of  llie 
structtirc  of  tho  muscular  fibre,  and  that  it  belongs  to  it,  and  Ia  not  a  spe- 
cial function  of  nen'os. 

When  muscular  fibres  are  touched  by  a  pointed  instrument,  they  ex- 
hibit contraction  even  after  tliey  have  been  detached  from  the  lx)dy,  pn>- 
vitied  t\i&t  too  long  a  period  of  time  has  not  elapsed.    If  it  be  of  the  strit- 
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fed  \'arie!v,  llie  bundle  that  liaa  been  disturbed  alone  contracts,  _,- 
and  presently  alter  relaxes ;  but  there  is  no  lateral  spread  or  tbecoatno- 
diiTusion  of  the  effect  1o  adjacent  bundles,  except  in  tiic  case  {^^"^i 
ot*  the  heart,  in  u-hich  it  "n-outd  appear  that  the  contraction  of  HiiateU  miu- 
one  part  is  diffused  laterally,  and  a  single  disturbance  is  fol-  "' 
lowed  by  many  alternating  contractions  and  relaxations,  simulating,  ns  it 
were:,  the  normal  function  of  the  whole  organ.  But  where  the  non-stria- 
teil  fonn  is  in  lite  manner  examined,  the  controetion  takes  place  more 
alowly.  spreads  laterally  to  a  wider  extent,  and  is  followed  by  a  relaxa- 
tion. The  crtect  of  an  intej-mitttng  inngneto-electric  euirent  is  diffci-ent 
in  the  two  forms  of  tissue,  the  striated  contracting  and  keeping  fim^of 
contracted  as  lung  as  the  action  is  kept  up,  but  the  effect  ceasing  eWirfcai 
when  the  current  stops.  In  the  non-striated  tJic  action  is  tardy,  *^''"*''"- 
and  relaxations  may  ensue  even  while  the  current  is  passing,  and  con- 
tractions continue  to  occur  after  it  has  stopped.  The  effect  becomes  of 
more  interest  when  a  weak,  continuous  eleetrieal  current  is  passed  through 
the  centrifugal  nerves  supplying  any  muscle,  for  then  the  whole  muscle 
_  contracts,  and  remains  in  that  state  as  long  as  the  current  flows.  If  the 
P  current  be  passed  tlirough  the  ganglionic  centre  of  those  nerves  contrac- 
tion again  ensues,  and  is  maintained  for  a  time  even  after  the  current  has 
ceased.  If  the  current  be  sent  through  the  centripetal  fibre,  alternate 
contraetions  and  relaxations  of  the  muscle  arc  the  result  The  interpret- 
ation of  these  different  eases  has  already  been  given  (p.  27G). 

The  caj>ability  of  contracting  continues  in  muscle  fibre  for  a  certain 
time  after  dcatli,  a  period  which  is  shorter  as  the  rate  of  res-  Experimenn 
piration  is  higher,  and  hence  these  effects  were  first  observed  of  li^'vani. 
by  Galvani  and  others  in  the  case  of  the  frog  and  cold-blooded  animals. 
Even  after  it  has  disappeared,  it  may  be  re-established  by  _  ^ 
continuing  the  supply  of  arterial  blood,  as  Dr.  Brown-Sequard  oriJri>«ii-Sc. 
has  shown:  n  fact  which  illustrates  in  a  striking  manner  the  "^"^  ' 
independence  of  tlio  muscular  contraction  of  the  nervous  system.  Of 
course,  as  would  have  been  expected,  whatever  interferes  with  due  arlc- 
rialization  intcrfci-ca  witli  muscular  power.  This  is  the  rciison  of  the 
inability  for  exertion  which  is  experienced  in  the  thin  air  of  mountain 
■  tops,  the  relaxation  of  the  muscular  system  in  asphyxia,  the  same  con- 
dition in  ihe  respiration  of  the  vapors  of  other  or  of  cliloroforra ;  it  is  also 
to  a  great  extent  the  cause  of  the  wayward  and  staggering  gait  of  the 
drunkard.  TIio  converse  of  iliis  likewise  holds  good :  the  hi^er  the  rate 
of  respiration,  the  more  energetic  the  muscular  power;  and  theretorc,  in 
birds,  which  respire  most  jMulectly,  muscular  contractility  is  exhibited 
with  iho  greatest  energy. 

The  contractility  of  the  muscular  tissues,  as  being  independent  of  tlie 
ivity  of  the  ncnous  system,  is  well  illustrated  by  the  remarkable  ob- 
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Exprrimfiits  eervalions  of  I>r.  Dowler,  of  New  Orlcan?,  on  the  automalic 
gf  iir,  Doftkr.  niovements  lliat  sometimes  take  place  after  death  by  yelloir 
fever.  After  respiration  had  ceased,  each  hand  in  sttcceseion  na^  car* 
ried  to  the  throat,  and  then  to  the  crown  of  tJie  head,  and  so  back  agua 
to  the  breast.  In  another  instance,  on  being  stimidaled  bv  a  blow,  the 
arm  was  extended  upward,  and  the  hand  conld  even  be  made  to  slap  the 
month ;  or  when  the  leg  hung  down,  if  the  6cxor8  of  the  liamatring  w«n 
struck,  the  licel  was  drawn  upward.  These  manifestations  continued 
tor  between  three  and  four  Iionra,  ami  even  occmred  in  amputated  Unil«. 

ContractiUty  lasts  for  a  diti'crcnt  period,  not  only  in  dift'erent  animal^ 
Duration  of  ^"^  ^"^'^^  i"  ditVcrcnt  parts  of  the  same  animal.  Thus,  in  man* 
contnciait^.  jj  declines  in  (he  following  order:  in  the  left  ventricle  first* 
then  in  the  intestines  and  stomach,  the  urinary  bladder,  right  ventricle, 
oL'sophupiS)  iris,  in  the  voluntary  muscles  of  the  trunk,  lower  and  upper 
extrcmitiea,  and,  finally,  in  the  left  and  right  auricle  of  tlic  bcart. 

Assuming  tliat  the  diameter  of  each  muscular  fibre  ia,  on  an  avrrafc, 

PUtancr  at  t^'**  loifto  "*  ""  '"*^'^''  ""*^  ^''''*^  ^^^'-^^  faseieuIuH  is  the -j^of 
wlUoh»njiwl«  nn  inch,  it  may  be  inferred  that  each  fasciculus  contains  about 
enw.1  hy  «  *>50  fibres.  sioWj  smco  the  nerves  do  not  penetrate  the  sar- 
ntrrv.  colemma,the  influence  wliicli  tiiey  exhibit  must  be  efficacloos 

at  a  distance ;  and  if  we  take  the  maximum  measurements  which  hare 
been  made  of  muscular  fasciculus,  we  may  safely  conclude  tliat  that  in- 
Uuence  extends  at  least  tlirougb  a  distance  of  ^-^  part  of  an  inclu 

It  is  not  necessary  for  us,  in  this  place,  to  enter  on  a  discussion  of  tli« 
TTie  doctri  e  fiiHCtions  of  ncrvc  fibres,  whether  they  exert  a  magnetic 
Hut  iiiuMtiUr  agency,  or  act  by  rise  of  temperature,  or,  from  an  abrupt  po- 
(uuXMn'mli^  '"^  termination  deprived  of  its  white  substance  of  Schwann 
cuIbf  tiuinte-  jMjrniit  the  escape  of  their  current  into  the  muscle  fibril,  and 
gni  on.  thence  into  the  corresponding  denuded  pole  of  a  centripetal 

nen*o  beyond,  the  current  Injing  determined  through  the  muscle  by  rea- 
son of  the  better  conducting  power  of  that  structure.  The  immctliotc 
cause  of  muscular  contraction  is  to  be  songlit  for  in  the  muscles  them- 
selves, and  tliis,  T  think,  is  much  more  obvious  tlian  is  generally  sup- 
posed. So  far  from  there  being  any  thing  niystcriouB  or  incoraprchcn- 
siblc  about  it,  as  some  writers  insist,  wc  probably  slmll  not  be  very  far 
from  the  truth  if  we  assert  that  mu^ular  amtraetion  is  the  nteennry 
phjxit'al  result  of  tnuscular  disinter^ration,  and  without  here  consider- 
ing the  various  ways  by  which  that  muscular  disint^p^tion  may  b» 
brought  about,  such  is  the  doctrine  tliat  I  now  present. 

Keviewing  the  various  conditions  under  which  contraction  occurs,  I  rfr- 
~       .  g»J^  dostmclivB  metamorphosis  as  the  primary  and  leading 

ci«  invr  con-  one.  Every  thing  swms  to  indicate  that  the  contraction  of 
truttoa.  ^  ^ht'A  can  not  take  TpUcc  without  the  loss  of  a  part  of  its 
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snbstaucc,  and  iins  ensues  even  in  the  artificial  motiona  tbat  are  estab- 
lished hy  electric  currents  in  amputated  muscles,  as  is  sati.sfactoril}'  shon'u 
hy  tlie  experiments  oi*  Hclmholtz.  Of  these  llie  tbllowing  synoptnis  is 
given  by  Dt.  Day; 

**  Powerful  muscular  contractions  were  induced  by  jjassing  an  electric 
curreut  through  the  amputated  leg  uf  a  frog  aa  long  as  eonviUsions  con- 
tinued to  be  manifested.  The  tiesh  of  both  \c^  was  then  analyzed. 
The  oibamcn  was  apparently  scarcely  affected,  the  mean  of  HixcxjicrJ- 
nwnla  giving  210  ])cr  1U,0L)0  of  ulbumen  in  the  electrized,  and  2\'A  iti 
tlie  non-electrized  flesh.  With  regard  to  the  extractive  matterSt  it  ap- 
peared that  ill  all  the  experiments,  without  a  single  exception,  the  water 
extract  in  the  electrized  llcsh  was  diminished,  while  on  the  other  tho 
ftpirit  and  alcohol  extracts  were  increased.  The  results  ore  expressed  ia 
the  following  tables : 

Cfian^e  ia  MusrJe  a/ier  JilKtric  QrHtraftion. 
Alcoliul  extract  fn)iD  lUO  pnru  recent  frog's  tloh. 


KmV 

a.  In  elMirtsnd  imuiIoil 

h.  In  nrtii-cle«trix»tl  jwrttuc. 

a.b 

1 

0.752 

0.606 

l.S4:l 

2 

o.r>69 

0.427 

1.33:1 

S 

n.tici 

0.481 

1.3S:I 

4 

U.C5J 

0.493 

1.32:1 

5 

G 

1 

0.575 

0.433 

1.33:1 

Exirarted  with  alcohot  oTtlS  |iercent.                      | 

1.0:>U                  {                   0.740 

I.3A :  1       1 

W»ut  Pitr*it. 

spirit  i-itfs«L                       1 

«. 

b.          t           a:b 

m.         I         b. 

«:fr 

i^i 

1.03 

0.7U :  1 

1.69 

1.50 

1.13:  t 

A 

0.93 

l.L'3 

0.76 : 1 

1.B5 

1.35 

1.22:1 

9 

0.72 

0.90 

0.80 : 1 

1.76 

1-53 

l.t5:I 

U«aa 

0.»5 

1.K5 

0.78  : 1 

1.70 

i.ia 

1.16:1 

"Tlic  amount  of  fnt  wna  unsfFectcd.  No  nrea  could  be  found  in  tlto 
alcohol  extract. 

*•  There  is  great  difficulty  in  performing  experiments  of  this  nature  on 
warm-blooded  animals,  in  conscfiucnce  of  the  rapidity  with  which  iso- 
lated portions  of  the  muscle  lose  tljeir  contractility. 

**  Tiio  best  results  were  obtained  witli  decapitated  pigeons : 


iL  Ih  vliftriEi'il  muwle. 

t>.  In  Don^AlMOlKd  Bin«:-||l. 

a.h 

\Vnit>r  extract 
Spirit  cxtnict. 

2.0* 
0.64 
1.68 

2.18 
0.73 

1.58 

.88  i  1 
1.04!:  1 

'*  Tlte  above  iacta  sufHciently  show  that  muscular  action  is  always  ac- 
companied by  a  chemical  change  in  the  composition  of  tlie  acting  mus- 
Iclc."  It  appears  that  after  electrization  the  alcohol  extract  increases  be- 
tween 24  and  38  per  cc)it. ;  the  water  extract  diniiiitshcs  between  24  and 
20  per  cent. ;  the  spirit  extract  increases  between  13  and  22  |)cr  cent. 
I  therefore  regard  disintegration  of  the  muscular  structure  as  the  prim- 
itire  act,  so  far  as  the  fibril  itself  is  concerned,  snd  contraction  as  tho 
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BsUnrei)  tuu  DDcessai^  conscquence^  thnt  disintegration  bcin^  brought 
th*"ir^-Ltc  *'**'***  ^y  *^®  oxidi^Eiiig  agency  of  arterial  lilood.  It  mast, 
Mod  npair.  lionrevcr,  bo  borne  in  mind  tliat  this  waste  is  maakod  hx  ita 
incessant  repair,  and  that  its  condition  at  any  moment  of  its  action  znpR* 
scnta  the  actual  balancing  at  that  instant  of  the  waste  and  repair  ns 
spcctivcly ;  and  since  the  repair  does  not  proceed  with  the  same  rapiditr 
OS  the  dcstmction,  it  needs  mast  fuUow  that,  sooner  or  later,  a  point  viil 
be  arrived  at  when  there  is  an  absolute  necessity  for  repose  to  give  to 
the  renovating  processes  the  opportunity  or  timo  for  effecting  a  complete 
restomtioii. 

Accepting,  therefore,  the  tact  tlmt  a  6brc  can  not  contract  without  loM 
Manner  iu  ^^  *^^  substance,  and  regarding  that  loss  os  the  cause  and  tbc 
which  cDiitnio-  contraction  as  the  cflcct,  it  is  plain  tbat  whatever  infiueiioe 

on  occur*.  ^^^  accomplish  an  oxidation  will  produce  a  shortening  of  the 
fibre.  Perhaps  it  may  be  tbat  tlie  nerxe  tiibole  docs  it  by  occasioning b 
riao  of  temperature :  perhaps  it  may  be,  if  nerves  do  not  end  in  loops, 
but  in  denuded  points,  by  the  current  escaping  into  the  muscle  from 
those  points,  and  occasioning  such  an  alloc  ropie  change  in  the  contents 
of  the  muscle  cells  as  enables  the  blood  to  destroy  them,  in  the  manner 
set  forth  in  Chapter  X.  With  snch  theories  wc  need  not  now  einhtt- 
rass  ourselves,  but  confine  our  attention  to  the  residt  with  which  we  are 
concerned,  that  is  to  say,  the  destruction  of  the  material  contained  in  tlu 
muscle  cells,  which  destruction  is  practically  brought  about  bv  the  ae- 
ccss  of  arterial  blood.  AV'iien  this  takes  place,  the  ceil  alVccted  under- 
goes an  actual  diminution  of  size,  through  loss  of  part  of  its  containctl 
material,  its  longer  axis  shortening  from  no  other  cause  than  the  oolfr 
sion  of  its  included  granules  thus  suddenly  brought  into  play.  The  «C 
which  %vc  liave  under  consideration,  like  an  entire  mnacul^jr  fasciculus, 
Htttoratioa  of  pos^eBses  no  power  of  active  dilatation,  and  so  remains  with- 
UNcontnctcd  out  chango  until  it  is  stretched  by  similar  contractions  tak- 
ing  place  in  the  components  of  other  and  jwrhnpa  distant 
antagonist  muscles.  Coincident,  however,  with  this  destruction  of  its 
interior  substance,  and  loss  of  its  prolate  form,  is  the  act  of  repair,  tbe 
nucleus  of  the  cell  reproducing  other  granules  from  materials  furni^bd 
by  the  blood ;  for  the  arterial  capillaries  not  only  bring  the  means  of 
oxidation,  but  tJicy  bring  the  plastic  elements  of  nutrition,  and  so  per- 
mit the  cell  to  recover  its  dimensions,  and  to  be  stretched  to  its  orig- 
inal sltapn  by  the  contraction  of  antagonist  fibre-^.  The  destruction  was 
almost  instantaneous;  thp  repair  is  an  affair  of  a  little  longer  time,  and 
thus,  while  one  part  is  resting,  other  portions  of  the  muscular  mass  take 
up  the  action  in  succession,  one  after  another  contracting.  Such  ia  t&d 
first  scries  of  dianges :  let  us  now  examine  the  second. 

For,  as  the  result  of  that  fixst  slag&,  there  has  been  a  liberation  ol 
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lets  of  oxidation,  wltich  arc  eventually  to  find  their  way  into  the  urinary 
lecrotion,  or  to  escape  by  the  i-espiratory  surfaces.  It  is  immaterial  what 
he  iirst  aspect  of  these  substances  may  be,  creatine,  urea,  extractive,  etc. ; 
ilia  much  is  absolutely  certain,  that  they  are  on  the  downward  career, 
Mid  will  end  as  urea,  sulpliuric,  carbonic  acids,  etc  The  experiments 
loth  ot"  Rcymond  and  Liebig  prove  that  the  muscles^  when  at  „^  ^ 
rest,  contain  no  acid  juice,  and  during  their  activity  it  is  known  lumcuiar 
that  the  degree  of  acidity  is  j>roportional  to  the  energy  with  ****''-■■ 
Brhich  they  have  been  contracting.  It  can  not  for  a  moment  be  sup- 
Kiscd  that  this  acidity  is  the  cause  of  the  contraction  ;  on  the  contmry, 
t  is  its  result. 

I  Among  the  products  arising  during  mnscniar  aetion  may  bo  more  par- 
ticnlarly  mentioned  iiiositc,  or  muscle  stigar,  which  is  isomeric  Iqm;!*  and 
irilb  glucose,  and  creatine,  which,  though  it  contains  so  large  <^'^*^''«* 
I  proportion  of  nitrogen,  must  be  regarded  as  a  product  of  the  waste  go- 
ng on.  By  the  loss  of  two  atoms  of  the  clement  of  water,  it  gives  origin 
lo  creatinine,  which  is  accordingly  found  in  the  muscle  juice,  the  blood, 
fend  the  urine.  Indeed,  these  two  substances  seem  to  be  inversely  pro- 
pOTtional  to  each  other. 

The  partbl  oxidation  which  has  given  rise  to  these  various  products 
BAii  not  occur  without  an  elevation  of  temperature,  A  second  stage  of 
lite  process  of  muscular  action  consists  in  the  removal  of  the  Iicat  and 
of  tbo  partially  oxidized  bodies. 

Wc  Iiave  only  to  look  at  tlic  minute  anatomy  of  the  parts  under  con- 
ftidemtiou  to  recognize  the  mnnner  in  which  this  double  I'c-  lErmuvalnfthe 
moral  is  accomplished.  The  arterial  capillaries,  when  they  Ij[,*p,|*^'n"^ 
weak  up  for  their  6nal  distribution,  run  parallel  with  the  ilieUood. 
BBUBcuIat  tibres,  as  also  do  the  attendant  veins.  From  one  to  the  other, 
ti  short  intervals,  as  seen  in  I'lff.  227,  intercommunicating  vessels  trans- 
versely pass,  the  whole  being  arranged  on  sucli  a  system  as  lo  niTord 
the  madif-'tt  means  of  removal  of  tlie  blood  as  fast  as  it  becomes  venous 
«— a  facility  of  removal  of  the  last  importance  for  carrying  off  the  wasted 
products  of  oxidation  ;  and  in  this  manner,  those  products,  wlmtever  they 
May  iu  the  tirst  instance  be,  find  a  ready  means  of  escape,  and  so  tlio 
Diuscular  6bre  by  dt^rees  is  relieved  from  these  results  of  functional  oo 
livily. 

As  for  the  heat  wliich  has  arisen  in  a  secondary  way  from  the  meta- 
BiorphosiA  which  has  been  going  on  in  the  fibre,  that  is  in  like  manner 
extracted..  It  is  difficult  to  conceive  of  a  more  effective  method  by  which 
the  heat  could  be  taken  away  from  the  wasted  fibre,  or  indeed  we  might 
asj  from  the  interior  of  the  whole  mass  of  the  muscle.  The  current  of 
▼enoos  blood  beam  away  with  it  not  only  the  products  that  have  arisen 
In  tbe  oxidation,  but  Ukcwise  the  heat. 
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It  is  probable  that  one  cause  of  cesBation  of  muacular  contradion  in 
Effrci  of  iioru-  any  one  point  of  a  fibre  is  the  momentary  accumulation  of 
"'"'•",""  "'  wiisted  malejijil,  as  midit  be  illujitratcd  in  a  coarse  maniiR 
rijil.  by  the  difficulty  of  causing  a  tire  to  continue  burning  when 

the  ashes  arc  pcniiitted  to  accumulate,  and  the  necessity  of  their  removal 
before  the  combustion  can  go  on.  Two  separate  events  liavo  to  occur 
before  a  fibril  that  has  been  in  contraction  is  ready  to  contract  again: 
these  are  the  removal  of  tbe  oxidized  products,  and  tlie  renovation  of  the 
interior  of  (ho  cells.  The  two  probably  go  on  coincidcntly,  the  veins 
taking  one  part  of  the  duty,  and  the  arterial  capillaries  the  other. 

In  non-striated  muscular  fibrc^  in  wliich  tlic  supj)!y  of  bloo*l-^*esseU  is 
rrraiiiiritr  in  much  lc38  copious,  thcro  is  a  possibility  for  a  httcral  propa- 
of*'noMirioicd  g**io^  of  ciFect,  bocauso  of  tlie  possibility  of  the  lateral  piop- 
filire.  agation  of  the  heat,  either  supplied  directly  from  the  ncrrc 

tabtde  or  arising  from  tlie  oxidation  going  on.  The  sluggishness  of  its 
first  contraction,  the  longer  continuance,  the  propagation  from  fibre  to 
fibre  laterally  until  llio  cfi'ect  wears  out  or  is  ro-cnforccd  by  some  Dcw 
stimidus,  uiiglit  almost  sccra  to  be  the  necessary  »t?ault  of  the  imperfect 
supply  of  arterial  blood,  the  slu^ish  removal  of  the  products  of  vaBte* 
and  the  more  jrerfcct  opportunity  for  the  diffusion  of  heat.  This  doc- 
trine therefore  meets  with  a  very  liappy  illustration  in  the  phptiomcnoo 
displnycd  by  the  contraction  of  tbc  two  kinds  of  fibre. 

It  may  still  further  illustrate  these  views  to  exanunc  that  other  variety 
i:tirthmifi  COD-  of  contraction,  rliytlimic  in  its  nature,  whicli  is  cxliibited,far 
tnictioii*.  example,  by  the  heart,  of  which  it  may  bo  said  tliat  the  fibres 

show  a  simultaneous  contraction  alternating  with  periods  of  repose,  con> 
traction  and  relaxation  succeeding  each  other  at  definite  mler\'als.  IC 
as  we  have  just  said,  the  cessation  of  contractility  arises  from  the  mo- 
mentary accumidntion  of  products  of  waste,  and  the  capacity  for  its  re- 
newal is  due  to  restoration  of  the  original  state  by  nutrition,  rhythmic  ac- 
tion may  follow  as  the  consequence  of  an  arrangement  of  museidar  (ibriU 
witJi  an  adjusted  supply  of  arterial  and  venous  capillaries.  An  original 
excitation  producing  a  contraction  can  not  act  in  a  permanent  way,  for 
l!tc  result  of  that  contraction  is  an  accumulation  of  wasted  material  wltich 
roust  be  removed.  It  may  rctiuire  but  a  moment  for  the  removal  to  take 
place  to  a  sufScicnt  extent  to  enable  tho  original  disturbance  to  act  ODoe 
more,  and  be  cliccUcd  in  its  action  again.  Whatever  value  there  may 
bo  in  such  explanations  as  these,  tliey  undoubtedly  gather  a  deep  inter- 
est fi^m  thus  enabling  ua  to  comprehend  that  it  is  possible. to  rcsoln 
such  m^'sterious  phenomena  as  rhythmic  periodicities  into  the  results  of 
ordinary  mechanical  laws. 

But  the  rjuestion  returns  upon  us.  Admitting  the  descriittions  tliat 
/j.irc  now  been  given  to  be  a  tiu&  levr^iicatatioQ  of  the  facts,  and  also  of 
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their  natural  se^juencc,  what  is  the  actual  physical  cause  of   _^  .. 
the  shortening  of  tlic  muscular  fibril?     All  that  wc  have  vxtcnRivomui. 
thus  fur  said  can  be  received  at  the  best  as  only  a  statement  ;.'**»'•  """"cv 

■'  lion  liv  »]i^nt 

OX  a  succession  or  order  of  facts.     To  say  that  that  shorten-  muwuiar 
ing  is  the  direct  consequence  of  loss  of  material  involves  ua  ^""^ 
St  once  in  the  inquiry  ^chether  it  be  possible,  through  the  destruction  of 
■0  small  an  amount  of  material  as  wc  know  to  occur,  that  any  thing  like 
the  required  extent  of  motion  could  be  produced.     Could  a  muscle  bo 
made  to  shorten  several  inches,  and,  upon  these  principles,  lose  only  an 
jnsigiiilicant  amomit  of  weight,  the  shortening  being  nevertheless  the 
consequence  of  that  loss  of  weight  or  destruction  of  substance  ?     To  an- 
swer this  inquiry,  we  have,  in  the  first  place,  to  recall  the  fact  that  a 
hole  muscle  is  never  in  contraction  at  once,  but  only  an  insignilicant 
irtion  thereof,  one  bunillc  of  fibrils  after  another  taking  up  the  action  in 
succession,  and  each  particular  fibril  undergoing  cliange,  not  throughout 
its  whole  length,  but  only  in  isolated  portions  here  and  tlierc.     Wc  have, 
moreover,  to  recall  the  instgniiicant  weight  of  these  fibrils,  for  a  simple 
.computation  will  show  that  thirty  thousand  of  them  a  foot  h>ng  weigh 
poniy  a  single  grain.     To  these  recollections  we  should  add  tlie  intense 
energy  of  tlie  molecular  force  of  attraction,  as  displayed  at  such  distances 
lAs  those  whicli  we  have  here  under  consideration — distances  wliicli  wc 
hnay  regard  as  being  virtually  inappreciable,  and  these  recollections  place 
Ethe  problem  in  its  true  light,  and  set  it  in  its  proper  attitude  before  us. 
'     For  it  is  capable  of  demonstration  that  muscular  contraction  ensue.s  as 
the  direct  conse*iuencc  of  deslniction  of  muscular  suhstancc,  and  that  a 
great  linear  extent  of  movement  may  be  accompliahed  by  the  removal  of 
on  insignificant  amount  of  substance.     If  100,000  fibrils  lost  one  third 
of  their  entire  substance — a  thing  Avhich,  of  course,  could  scarcely  take 
place — the  diminution  of  weight  would  only  amount  to  a  single  gr^n. 
Our  conception  of  tliis  action  may  perhaps  be  rendered  clearer  by  an  il- 
lustration.    If  we  had  an  iion  llircad  of  excessive  tenuity,   lUusimtiooof 
composed,  for  instance,  of  a  single  row  of  iron  atoms  set  end  J.^^'^'IJI^b**^ 
to  end,  and  could,  by  suitable  processes,  effect  the  removal,  iH)re. 
here  and  there,  of  atoms  in  the  line,  an  instantaneous  contractiun  would 
he  the  result,  the  thread  shortening  in  proportion  to  the  number  of  atoms 
removed,  but  shortening  with  an  energy  commcnsurnte  with  ihc  cohesive 
toTCO  of  the  iron  itself,  and  yet  ready  to  return  to  its  original  lengih  llie 
moment  that  fresh  iron  atoms  present  themselves  to  be  introduced  in  the 
place  of  the  abstracted  ones;  and  so  with  muscular  fibre,  the  molecular 
ibrcc  of  cohesion  developed  here  and  there  by  the  removal  of  tissue  is  to 
be  measured  only  by  the  cohesion  of  the  fibre,  though  the  loss  of  mato- 
rial  which  may  have  been  the  cause  of  that  force  coming  into  phiy  nuiy 
be  very  small  indeed ;  nor  does  the  quickness  of  rclaKation  present  any 
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difficulty  when  wo  consider  Iho  rapidity  with  which  interstitial  nutrition 
takes  place,  and  the  small  quantity  of  matter  to  bo  supplied. 

AVc  Imvc  now  analyzed  the  phenomenon  of  muscular  contraction,  and 
-^^.  set  fortii  the  conditions  on  whicli  it  depends.     These  we  in»y 

mcot  of  LhU  here  reproduce  togctlicr  for  tlie  more  distinct  continuation  of 
doctrine.  ^j^^  argument.  The  primaiy  act  ia  the  destruction  of  the 
muscular  material  by  the  agency  of  arterial  blood;  an  incipient  oxidatioo 
setting  in,  the  wasting  particles  can  no  longer  retain  the  places  they  ban 
occupied.  They  have  lost  tlicir  hold  on  the  particles  with  whicli  ihej 
were  associated.  At  tliat  instant  molecular  attraction  comes  into  pUyt 
and  shortening  of  the  fibre  is  the  result.  The  wasted  material  ia  already 
l>eing  absorbed  by  the  venous  capillaries,  and  already  rf])air  is  taking 
place  by  the  introduction  of  new  fibrinous  material  from  tlie  arteriil 
blood ;  but  the  renewal  or  repair  proceeds  much  more  slowly  ttian  tlte 
removal  of  the  waste;  tlie  latter  effect,  as  might  be  inferred  from  what 
has  been  said  under  the  head  of  absorption,  occurs  almost  instantly,  tlie 
former  gradually;  and  thus  mu&cular  contraction  presents  itself  as  a 
composite  result,  depending,  under  normal  circumstances,  partly  on  oxi- 
dation, partly  on  removal  of  waste,  partly  on  repair  by  nutrition,  yet  so 
that  if  any  one  of  these  conditions  bo  interfered  with  it  can  not  take  place 
at  all. 

I  can  not  at  this  point  avoid  offering  a  criticism  on  tlio  experiments 
Tdwiwofa  ^y  which  it  has  been  attempted  to  prove  that  a  muscle,  whei 

noMji  •ftcr  it  contracts,  loses  none  of  its  bulk ;  the  loss  that  does  in  reil- 
eoDlractioD.    .  -      •.  •     .  -      .  i  i    ,  ■ 

ity  occur  is,  it  is  true,  vcr}*  mmute,  perhaps  so  nunutc  tJiat,  m 

the  coarse  apparatus  whicli  has  been  resorted  to  in  these  experimeots,it 
^^229.^  would  be  altogether  inappreciable.  Such  a  contrivanoeif 
represented  in  I''uj.  229,  in  wliich  a,  a  is  &  wide  tube  for 
containing  the  muscle,  ^;  it  is  also  to  bo  tilled  with  water, 
and  from  its  side  n  narrow  tube,  c/,  projects,  the  vatcr 
reaching  to  some  such  point  as  e.  The  tube,  a,  u,  letog 
closed  at  both  its  extremities  water-tight  by  means  of  oorka. 
bt  tf,  whenever  the  muscle  is  made  to  contract  by  an  elec- 
tric current,  applied  by  means  of  the  spring  wires,  ^/,  or 
othern'ise,  if  enlargement  occurred  tlic  water  would  rise  vt 
t',  and  if  diminution  it  would  descend ;  but  aa,  u{>on  trill, 
it  is  found  that  no  movement  wlutever  takes  place,  it  hal 
been  inferred  that  the  volume  of  tlie  muscle  remains  on- 
changed.  But  no  comi)ensation  wlnitcvcr  for  tcm])erature 
is  provided  !  Yet  it  is  [>ositively  known  that  when  a  mus- 
cle contracts  it  becomes  warm,  and,  doubtlcas,  those  io- 
ing  iDuwic.      Btrumcnts,  if  delicate  enough,  would  have  led  to  the  pro- 

poslerous  conclusion  that  a  tnuacle  ofter  contraction  is  larger  than  it  waa 
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licforo.  But,  even  setting  disturbances  of  temperature  aside,  auch  ex- 
periments are  of  no  kind  of  ^Tilue,  since  they  contain  no  provision  for  the 
xemovnl  of  tlie  wasted  material  of  the  muscle,  which  still  continues  a  part 
■leTeof,  though  it  lias  become,  to  all  intents  and  purposes,  extraneous, 
ind  would,  if  in  the  living  system,  have  been  inatantly  removed  by  the 
veins. 

'  And  now,  by  the  aid  of  these  doctrines,  we  may  comprehend  the  full 
iJcrnificancc  of  tfiose  conditions,  which  hnvc  been  lonsr  known  ,. 
lo  physiologists,  which  have  cast  such  a  mystery  over  muscu-  ofp«rUalhy- 
lar  contraction,  and  led  to  such  a  diversity  of  views  as  re-  P**""^^- 
ipects  its  true  explanation.  AVo  see  that  they  were  right  who  asserted 
at  mascidar  contraction  is  a  function  of  nutrition,  though  they  were 
mg  in  saying  tliat  it  is  therefore  of  a  vital,  and  consequently  of  an 
xplicable  nature.  They,  too,  were  right  who  asserted  that  muscular 
tontraction  depends  on  rcsjtiration,  and  that  the  higher  the  rate  of  that 
fiinction  the  more  energetic  the  muscular  power  will  be.  They,  too,  were 
right  who  asserted  that  muscular  contraction  is  manifested  by  a  waste 
of  tissue,  and  that  that  waste  may  be  measured,  if  certain  corrections  are 
kpplied,  by  tJie  quantity  of  urea  and  sulphuric  acid  in  the  urine.  They, 
loo,  were  right  who  asserted  that  there  is  a  connection  between  tlic  co- 
agulability of  the  blood  and  the  energy  of  muscular  contraction  in  the 
Various  tribes  of  life,  for  the  speed  of  repair  dc-pends  on  tlic  percentage 
of  fibrin  in  the  blood,  and  so,  too,  does  the  speed  of  coagulation.  They, 
too,  were  right  who  assorted  the  connection  between  muscular  contrac- 
tion and  the  speed  or  slowness  of  the  circulation  of  the  blood.  A]l  these, 
and  many  other  partial  hypotheses,  are  tlie  necessary  consequences  of  the 
more  general  doctrine,  that  muscabr  contraction  is  tlie  result  of  loss  of 
muflcular  substance. 

There  remains  a  phenomenon  to  which  our  attention  has  to  be  direct- 
ed in  the  conclusion  of  thi:*  subiect.     It  is  the  contractions  „ 

,  .   ,  111-  ■        .  Contraclion 

which  may  be  observed  under  the  microscoi)e  when  a  tascicu-  producod  by 
Ids  is  submitted  to  water.  These  contractions  commence  in  *'***■• 
isolated  places,  from  which  tliey  spread  in  nil  directions,  and  so  move 
about  from  end  to  end,  often  interfering  with  one  another,  the  fasciculus 
thickening  where  the  contraction  is  greatest,  and  eventually  the  whole 
length  becoming  involved.  The  ultimate  degree  of  contraction  that  can 
be  reached  reduces  the  fasciculus  to  one  tiiird  of  its  original  length.  With 
this  contraction,  through  the  agency  of  water  or  other  sucii  liquids,  we 
may  connect  tlioso  contractions  which  ensue  under  the  pressui-e  or  dis- 
turbance of  some  hard  body,  as  by  the  touch  of  a  pin. 

From  these  cases  it  might  be  supposed  that  muscular  contractility  can 
take  place  independently  of  chemical  destruction,  but  a  more  critical  ex- 
amination of  them  will  satisfy  us  that  they  ensue  as  tlic  natural  conse- 
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qucnccs  of  tlic  prccctling  views.  They  arc  not  to  be  P^ardeJ  as  pure  m 
uncomplicated  manit'cstationd  of  the  qualities  of  nm5cular  fibre  itself,  bit 
as  tbe  consequences  of  tlic  impression  tliat  lias  been  made  upon  it  brik 
treatment  through  which  it  has  passed.  The  preparation  of  a  fascicahs 
can  not  be  made  witliout  cutting  or  rending  the  parts,  mutUating  tlie 
nerves  of  supply,  and  totally  destroying  the  functions  of  the  arteries  aod 
veins.  In  the  act  of  cxsecting  snch  a  fasciculus,  the  disturbance  im- 
pressed uj>on  it,  however  great  it  may  be,  is  never  fully  answered  to  by 
the  due  amount  of  contraction ;  fur  with  the  destruction  of  the  vasculii 
mechanism  there  are  no  means  of  removing  the  products  of  waste,  and  coq- 
traction  can  not  go  on  to  its  full  completion,  but  in  this  condition  tbe 
fasclcidus,  placed  in  water,  gradually  gives  up  here  and  there  the  prod- 
ucts of  waste,  and  with  their  removal  the  opportunity  arises  for  the  nr 
maining  muscular  elements  to  a{>proach  one  another,  and,  fmally,  coio* 
picte  contraction  ens^ues;  a  contraction  not  tlue  to  the  immediate  action 
of  the  water,  but  to  the  cliange  impressed  upon  tlie  fasciculus  by  the  op- 
eration for  its  exsertion. 

So  as  regards  disturbance  by  the  touch  of  foreign  bodies,  we  miglit 
ContnciioD  retell  those  numerous  instances  known  in  chemistry,  in  whidi 
hy  touch,  decompositions  or  other  mccbamcal  results  are  brought  aboat 
in  a  similar  way.  The  different  com|}ounds  which  undergo  explosive  do 
composition  by  the  lightest  friction  might  fumisli  us  with  illustiatioiu; 
but,  in  this  instance,  the  eflect  is  more  purely  mechanical,  and  arises  from 
the  forced  cquUibrium  into  which  tlio  iasciculus  lias  fallen  by  the  act  of 
cxsecting  it  being  more  or  less  perfectly  overcome.  The  elements  of  • 
part  of  a  fasciculus  are  brought  by  that  touch  witttin  a  nearer  range  of 
one  another,  the  products  of  waste  which  had  failed  to  escape  bccanso  of 
the  destruction  of  the  absorbent  function  of  the  veins  are  pressed  aside. 
one  motion  gives  rise  to  another,  a  worm-like  action  spreads  here  and 
there  irregularly  through  the  length,  and  ends  in  a  final  contraction. 

Connected  with  ll»c  plicuomeiui  described  in  the  i>receding  paragra]i!i 

-,  ,    is  that  ecncral  risridity  of  the  muscles  wliich  occurs  a  ocTtain 

Tiigor  mortis.     .-,,,,  ,  „,,  ■ 

time  alter  death,  and  hence  known  as  rigor  nioiiis.     Ims 

usually  commences  in  the  lower  jaw  and  neck,  invading  next  tlie  uppci 
extremities,  and  reaching  eventually  the  lower  ones.  After  continuing 
for  a  period  longer  in  proportion  to  the  lateness  of  its  beginning,  relaxa- 
tion ensues,  the  parts  being  affected  in  the  same  order  as  they  were  made 
rigid.  TIic  rigor  mortis  sometimes  begins  as  soon  aa  ten  minutes  afttf 
death,  sometimes  it  is  postponed  as  long  as  seven  liours.  In  those  who 
Jiave  died  of  clironic  diseases  it  occurs  and  ceases  very  quickly.  Both 
classes  of  muscles,  striped  and  unstripod,  arc  affected  by  it,  and  when  it 
is  over  they  present  an  unresisting  and  lax  condition,  and  putrefactin 
change  presently  sets  iii.     Even  after  cadaveric  rigidity  has  been  a»- 
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suitkmI,  the  cotitractilc  power  of  muscles  may  be  restored  by  furnishing 
them,  through  a  suitable  arrangement,  arterial  blood  ;  for  this  (act  we 
are  indebted  to  Dr.  Broim-Sequard,  liis  experiments  having  been  made 
both  upon  man  and  animab.  The  orterial  blood  employed  assumed, 
during  its  passage  through  the  limb  which  was  the  subject  of  tlic  trial, 
the  venous  character,  and  issued  of  a  dark  color.  Tliis  restoration  of 
contractility  was  by  no  means  imperfect  or  transient ;  in  one  instance  it 
continued  for  two  hours. 

By  mejins  of  tendon  the  muscles  are  attached  to  the  skeleton,  which 
constitutes  the  solid  framework  of  tlio  system.  Operating  ponn^,  ^ 
thus  tlirough  tlie  skeleton,  tlie  muscles  are  enabled  to  keep  muscle  for  to- 
tlic  enlirc  body  in  the  erect  or  standing  position,  and  also  to  "*""*  ™" 
give  it  locomotion.  The  conditions  of  standing  and  locomotion  have  been 
well  studied  by  the  brothers  Weber,  the  following  being  a  brief  synopsis 
of  iheir  statements. 

In  man,  the  power  of  standing  implies  the  conservation  of  the  line  of 
direction  of  the  whole  body  within  the  narrow  tmsis  covered  by 
tlie  feet  and  between  them.  The  head  is  balanced  on  the  at- 
las so  nearly  under  its  centre  of  gravity  that  no  ligamcntum  nncIuB  is 
rttjnircd,  as  in  the  case  of  other  animals,  to  prevent  it  from  falling  for- 
ward. Nevertheless,  a  forward  motion  can  bo  executed,  amounting  to 
about  75  degrees  from  the  peri)endiciUar,  and  a  lateral  motion  right  and 
left  of  from  45  to  50  degrees.  In  standing,  the  weight  of  the  entire  body 
is  transmitted  j>crpend»«ularly  to  the  feet.  These  rest  on  the  heel  and 
the  fore  ends  of  the  metatarsal  bones,  especially  of  the  great  and  little 
toes,  and  on  the  points  of  the  toes.  The  general  centre  of  gravity  of  the 
entire  body  is  a  little  above  the  transverse  axis  connecting  the  heads 
of  the  thigh  bones,  and  for  equilibrium  to  be  maintained,  a  perpendicular 
line  drawn  from  this  centre  must  always  fall  witliin  the  basis  inclosed  by 
the  contour  of  the  feet. 

Kvcn  in  the  most  [x^rfect  condition  of  rest  that  we  can  assume  wliUc 
maintaining  the  standing  [wsition,  a  great  many  separate  muscular  acts 
are  necessarily  rcrjuircd.  Apart  from  those  little  volunlarj'  cimngcs 
which  are  incessantly  occurring,  the  rhythmic  action  of  the  mnsclca  in- 
volved in  respiration,  especially  those  of  the  abdominal  walls,  is  perpet- 
ually changing  the  position  of  the  centre  of  gra%-ity,  and  therefore  those 
muscles  which  arc  employed  in  keeping  the  spine  erect  are  obliged  to 
assume  an  antagonizing  rhythmic  action.  This  is  at  once  the  reason  of 
the  fatigue  we  experience  in  long  standing,  and  of  the  difficulty  which 
infants  encounter  in  their  attempts  to  maintain  the  erect  position. 

In  walking,  the  legs  act  like  a  pair  of  pendulums.     The  head  of  the 
thigh  bone,  which  is  llieir  centre  of  motion,  is  held  in  its  sock- 
et, not  by  muscular  exertion,  nor  by  its  ligamentous  arrain^       *   ^* 
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mcnts,  but  by  the  pressure  of  the  air,  a  fact  that  may  be  proved  by  ven- 
simple  cxpcriiDCnts.  If  the  pressure  of  the  air  be  remorcd,  as  in  an  ex- 
hausted receiver,  spontancouB  dislocation  ensues.  The  trunk  of  the  lodj 
ia  like  a  rod  bohuiccd  on  an  axis  passing  through  the  hip  joints,  andtd- 
vancing  with  the  movement  of  t]ie  legs  like  a  rod  balanced  on  the  lip  ot' 
tlie  finger.  It  is  inclined  forward  or  backward  in  correspondence  Viiili 
the  motiwi  or  with  the  resistance  of  the  wind ;  if  the  wind  blows  in  £roQl, 
we  lean  forwmil ;  if  behind,  wc  lean  Ijackward ;  the  angle  of  inclination  be- 
ing in  proportion  to  its  force.  In  walking  there  Jire  two  distinct  periods; 
the  body  is  tirst  poised  on  one  of  the  limbs,  and  then  rests  for  a  moment 
on  both.  The  advancing  limb  swings  like  a  pendulum,  beading  altk 
knee  50  as  to  be  shortened  one  nintli ;  the  other  si  raiglilening  at  the  knee 
and  hip  joint,  and  so  pushing  tlie  ]iclvJ8  and  trunk  forward  to  be  reccircd 
on  the  limb  tliat  lias  just  advanced.  It  is  only  in  slow  walking  tliat  the 
whole  arc  of  motion  is  swung  through,  the  time  occupied  being  two  tliirds 
of  a  second.  In  quick  walking  and  ntnning  only  half  a  vibration  ia  ao 
complished,  and  this  in  half  a  second  of  time.  In  slow  walking  each  ftwt 
rests  upon  the  ground  one  third  of  a  second.  The  longest  step  made  is 
half  tiie  entire  span  of  the  two  extremities.  To  prevent  swaying  fiooi 
side  to  aide,  the  arms  awing  with  the  legs. 

In  running  tliere  is  a  moment  wlicn  both  feet  arc  off  the  ground  al 
once,  and  tlio  body  actually  projected  into  the  air.  In  wslk- 
ing  there  is  a  moment  when  both  feet  are  on  the  ground  to- 
gether, the  one  not  being  raised  till  the  other  is  planted.  In  running  tk 
steps  are,  on  an  average,  tn-ice  as  long  as  in  walking ;  and  the  number 
of  steps  made  in  a  given  time  in  running  and  walking  respectively  i^  u 
3  to  2. 
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fikytioal  ImprtMnoM. 


Regarding  physiology  as  a  Iiranch  of  natural  philosophy-,  I  have  lieen 
led  in  tliis  work  to  introduce  the  methods  of  considering  it  DivUi<mj«/ 
which  are  familiar  to  writers  on  meclianics ;  for,  aa  there  are  p'>J'«o'ofiy' 
two  distinct  divisions  of  tliat  subject,  according  as  we  treat  of  the  equi- 
librium or  the  motion  of  inorganic  bodies,  bo  likewise  tlicrc  must  be  in 
physiology  a  statical  and  dynamical  branch,  the  one  including  the  con- 
ditions of  wjuilibriura  of  an  organized  form,  the  othei*  those  of  its  devel- 

.    opmcnt — development  being  no  more  than  its  motion. 

P  If  we  establish  this  gulxlivision  in  physiology,  Bimilnr  advantages  will 
doubtless  be  obtained  for  this  science  as  tliosc  wliich  so  Advuiu«esor 
quickly  accrued  to  mechanics  after  Galileo  had  formally  in-  "^^  <ii»i»»oii. 
troduced  the  same  partition  therein.  Moreover,  in  this  case  there  are 
collateral  reasons  not  applying  to  that.  "Whatever  may  be  the  views 
which  tlic  advance  of  ecicnco  causes  us  to  take  of  the  various  functions 
Duuntaiiiing  a  living  animal  in  its  normal  state — wliatcvcr  may  be  the 
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genernl  conception  we  entcrtiim  of  the  nature  of  its  erjuiliLriura*  it  ii 
8csrccly  jtossible  to  present  the  subject  in  a  manner  tliat  will  cuinddc 
with  the  diveraifled  views  of  the  profession.     It  is  almost  excluavdj 
with  statical  physiology  that  the  physician  lias  to  deal.     The  healthy 
and  di^'ased  etatca  of  the  apparatus  for  digestion,  absorption,  res|Hii> 
tiou,  circulution,  innervation,  etc.,  are  the  tilings  with  which  lie  is  oqhf^ 
cenied.     It  is  respecting  these  that  his  mind  is  filled  with  the  early  pv^ 
udices  of  his  education,  and  that  his  social  necessities  comjx^l  him  to  ex* 
press  with  decision  opinions  unsuitcd  to  a  close  philosophical  examina* 
tion.     lie  is  to  be  pardoned  for  the  mystification  which  circamstanoet 
oblige  him  to  cast  upon  the  subjects  of  his  study ;  for  resorting  to  the 
vital  principle  as  an  explanation  of  his  ditficuUics  ;  and  for  throwing  upon 
the  nervous  system  the  burden  of  every  thing  for  whicli  the  imperfect 
state  of  physiology  does  not  enable  him  to  account.     He  is  not  to  }>e 
blamed  that  the  circumslancca  under  which  he  is  placed  compel  him  to 
appear  to  know  more  socially  than  he  actually  docs  know  philosophically; 
and  where,  under  siicli  a  false  position  of  tilings,  men  have  been  spend- 
ing their  Uvcs,  it  is  not  at  nil  extrnordinary  that  tliey  should  resist  tny 
attempt  at  a  reformation  which  strikes  at  the  very  eiciatcncc  of  the  doc- 
trines they  Imve  adopted,  and  to  which  they  stand  committed.     Tlic  old 
physician  must  have  his  vital  principle  and  his  ncr\ou3  ngcnt,  or  lie 
must  begin  tlie  alphabet  of  his  studies  again.    li\  therefore,  statical  pliy>- 
iology  stood  alone,  it  must  depend  for  its  progress  in  the  gradual  lemovil 
of  error  and  introduction  of  truth  ujwn  one  generation  of  physicians  soc* 
cceding  another ;  but,  fortunately,  tliere  is  a  circumstance  which  aids  it 
in  this  march,  for  the  great  branch  on  which  we  arc  now  entering  pre- 
sents connections  and  considerations  of  a  more  purely  philosophical  kind, 
free,  at  all  events,  from  the  entanglements  of  professional  interesta.    CV 
pable  of  l>eing  treated  in  the  rigid  manner  of  tlie  positive  sciences,  and  re- 
move<l,  by  reason  of  the  nature  of  the  topics  with  which  it  is  concerned, 
from  the  strifes  of  medical  sectarianism,  this  noble  subject  can  dovelt^ 
itself  in  silence,  without  diHturbanec  and  without  restraint ;  and  yet  sach 
an  advance  can  not  take  place  without  compelling  a  reflected  efi'ect  to 
ensue  in  statical  ])hysiolog^',  and  hastening  the  time  when,  by  the  united 
consent  of  all  physicians,  it,  too,  will  be  cleared  from  every  mystiHcatitm, 
and  brought  within  the  pale  of  exact  and  positive  science. 

In  the  preceding  book  wo  have  investigate<l  the  conditions  of  the 
ran*crofMo^  equilibrium  of  the  animal  mechanism:  in  this,  therefore, we 
K«inr  toTva,  have  to  treat  of  ila  motion  or  career.  Indeed,  we  might  gen- 
eralize our  expression,  and  include  the  vegetable  along  with  the  animal, 
for  the  two  are  so  inseparably  connected  tliat  we  can  not  speak  of  the 
one  without,  at  the  same  time,  dealing  with  the  otiier.  Viewed  as  re- 
specta  its  motion  or  career,  an  organism  presents  us  with  the  striking 
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lact  that  it  posses  tliroDgh  a  tlcfinitO:  scries  of  changes.  Commencing  at 
iirst  as  a  simple  cell,  to  which  what  might  be  termed  a  momentum  of  de- 
velopment has  been  imparted,  it  assuniea  one  lonn  after  another  iu  suc- 
cession, but  is  erer  ready,  like  the  moving  bodies  of  mecUanicSt  to  obey 
tlic  inipoLses  which  extraneous  forces  may  impress  upon  it.  Proixjrly 
speaking,  wc  can  never  say  of  an  organised  being  that  it  is  iu  a  condi- 
tion of  rest.  In  trutbt  it  is  always  in  motion.  It  has  a  past  and  a  fu- 
ture— coming  from  one  state  and  going  to  anolher ;  and  though,  to  use 
the  language  of  mechanics,  the  inertia  that  it  has  at  any  moment  must 
tend  to  continue  it  in  the  state  at  which  it  is  then  found,  sinco  it  varies 
by  degrees?  from  one  condition  to  another,  wc  are  obliged  to  look  upon  it 
in  these  variations  just  as  we  should  upon  an  inorganic  mass  under  sim- 
ilar circumstances,  and,  guided  by  the  incontrovertible  law  of  physics, 
that  every  change  of  motion  is  to  be  attributed  to  the  influence  of  a  force, 
we  must  impute  its  passage  from  state  to  state  to  tho  intervention  of  u 
like  agency.  In  this  respect,  the  career  of  an  organic  combination,  in  its 
two  conditions  of  maintaining  for  a  time  a  similarity  or  passing  through 
metamoriihoscs,  presents  a  genera]  analogy  to  the  uniform  rectilinear,  and 
to  the  varied  motion  of  mechanics. 

As  we  have  just  remarked,  the  most  elementary  organic  combination 
appears  to  be  a  simple  cell.  Tiiis,  under  circumstances  -_ 
which  wc  shall  presently  consider,  may  pass  into  develop-  ni-ai  modM  of 
mcnt  by  multiplication  in  three  different  ways,  geometrical-  '^"^•^°""'*- 
ly  distinct.  Its  development  may  be  in  one,  two,  or  three  dimensions — 
linear,  superficial,  or  solid.  As  illustrations  may  be  offered  the  proto- 
coccus,  which  is  a  simple  cell ;  the  linear  conferva^  consisting  of  a  row 
of  cells  which  perpetually  undergo  terminal  extension,  tlie  line  becoming 
longer  imd  longer  as  development  of  new  cells  at  the  end  goes  on ;  the 
ulvas,  in  wiiich  increase  takes  place  simultaneously  in  length  and  breadth; 
and  any  of  the  higher  fonus,  which  grow  siraultanrausly  in  Icngtli, 
breadth,  and  thickness.  Whatever  the  manner  of  development  may  be, 
or  whatever  the  condition  presented  as  the  combination  passes  from 
phase  to  phase,  no  doubt  can  be  entertained  tlmt  it  takes  place  in  conse- 
quence of  tlie  agency  of  forces  which  arc  acting  under  definite  laws  j  and 
though,  oven  in  the  cnee  of  organisms  low  in  tho  series,  a  geometrical 
definition  of  their  form  is  impossible,  this  is  because  of  the  imj>erfw:tion 
of  our  knowledge,  and  is  no  kind  of  indication  that  there  has  been  any 
irr^^Iarity  or  wantonness  of  play  in  tho  forces  at  work. 

Asserting  thus  in  the  broadest  manner  the  influence  of  physical  forces 
over  development,  and  seeing  that  dynamical  physiology  must  rn.|iiin-  into 
be  committed  to  those  conditions,  and  those  alone,  which  arc  "'^'  eii*t«Dfl« 
universally  recognized  in  positive  science,  I  shall  proceed,  iu  Jnndr^Tof 
this  cliaptcr,  to  set  forth  the  ^^cws  we  entertain  resjKcting  the  ^^fisnt^foa- 
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existence  and  nature  of  a  special  principle  of  organization.  Tlie  condu- 
sions  at  uliich  we  Bhall  arrive^  though  apparently  very  different  from 
what  we  might  have  expected,  are  the  necessary  consefpicuccs  of  iha 
physical  doctrine. 

It  may,  pcrliaps,  aid  the  reader  il'  I  give,  at  the  outset,  a  synopsis  of 
Outliiifl  or  Uio  the  argument.  Selecting  as  a  general  illustration  the  faraii- 
vsamcnt.  jar  caso  of  the  germination  of  a  seed  and  the  growth  <rfii 
plant,  wc  shall  in%'estigate  the  results  of  growth,  in  light  and  darkness, 
witii  their  attendant  phenomena.  From  this  wo  shall  draw  apparent  et- 
idcnco  of  the  existence  of  a  special  principle  of  organization,  or  pUstie 
jiower,  and  ascertain,  in  a  general  way,  its  functions ;  Lut,  from  an  «- 
nmination  of  the  attitude  in  which  the  resulting  organism  stnnds,  as  i^ 
spccts  its  individuality,  wc  shall  learn  to  correct  that  ^-icw,  and  reach  1^0 
tinal  conclusion  that  that  pla.stic  power  is  not  an  agent,  hut  a  condition 
of  tilings,  the  result  or  the  manifestation  of  antecedent  physical  infltt* 
cnces. 


E^-ery  living  hcing  springs  from  a  germ.  The  animal  and  vegetaUe 
PriitiorJinl  tingdonis  present  us  with  numberless  fonns,  diflcring  from  om 
cell.  another  in  as[)cct,  in  construction,  and  in  function ;  hut  lite  or- 

igin of  all  is  the  same — a  cell  or  vesicle,  which,  nndcr  tlio  influence  of 
external  circumstances,  develops  into  a  determinate  shape. 

A  seed  may  be  kept  in  a  dry  place  for  many  years  without  undergo- 
ing any  visible  change,  or  losing  its  power  of  genriirintion.  It  maybe 
exposed  to  all  the  annual  variations  of  temperature  occurring  in  the  dif- 
ferent seasons;  it  may  have  the  free  access  of  atmospheric  air.  Its>'i- 
tality  is  dormant ;  there  is  no  attempt  at  evolving  its  parts. 

But  if  some  water  he  supplied,  and  a  certain  degree  of  dampness  be 
G<?niiination  thcrchy  communicated,  thtj  seed  does  not  fail,  as  soon  as  tl* 
ofiiH-oa.  temperature  reaches  that  of  a  summer's  day,  to  germinate. 
Under  the  influence  of  air,  heat,  and  moisture,  the  embryo  consumes  tke 
nourishment  stored  up  for  it  in  the  seed,  a  gradual  unfolding  of  its  parts 
ensues,  a  root  is  put  forth,  a  stem  rises  from  the  ground,  and  leaves 
make  theu*  appearance:  so  heat,  air,  and  water  have  enabled  the  seed  to 
become  a  plant. 

These  physical  agents  are  not,  however,  sufficient  to  carry  the  growth 
Effects  of  Biin.  forward  to  its  fuU  extent.  Another  is  essential :  it  is  light ; 
UgiiL  for  if  growth  bo  conducted  in  darkness,  heat,  nir,  and  water 

can  not  cause  the  young  plant  to  add  any  thing  to  its  substance.  It  is 
feeding  on  the  seed,  Indcc<l,  when  the  experiment  is  carefully  madoi  it 
is  found  tliat  there  is  an  actual  loss  of  substance,  the  resulting  plant,  if 
dried,  weighing  less  then  than  the  dry  seed  from  which  it  came. 


coxsrMPnoN  op  uonr  bt  plants. 
In  a  dork  place,  then,  it  is  possible  for  a  seed  to  grow,  but  it  j 
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:  grows  in 
;  certaiti  %vay,  aad  only  to  a  ccrtaiu  extent.     Its  stem  and  its  Icavca  aro 
/of  a  sickly  yellowish  Imc:  exposure  to  the  sunshine  boou  produces  a 
igreen  color  in  these  parts,  and  the  weight  of  the  plant  uicreasea.    Growth 
iin  darkness  leads  to  one  result,  and  growth  iii  the  sunshine  to  anotlier. 
r     From  these  fiicts  it  tlicretore  might  ap|>car,  from  a  sujwrficial  consid^ 
Iferalion  of  tho  thing,  tliat  the  development  of  a  plant  depends  pftrtiai  infrr- 
*l>n  two  distinct  conditions — tin  .Innate  jiowcr  which  resides  ™«:n»p<ictitn 
fin  the  germ,  hy  the  action  of  wliich  tho  matters  previously  ofsplBAtii 
Ifetond  up  in  the  seed  hy  the  parent  plant  are  regrouped,  and  P**"* 
jbo  arranged  as  to  constitute  a  new  organization ;  bat  this  power  does  not 
|bxtend  to  llie  obtaining  of  new  material ;  it  is  only  a  power  of  arrange- 
Iknent — a  plastic  power.     Whatever  new  material  is  required  must  be 
iftimishcd  by  a  totally  distinct  agency,  the  sunlight ;  and  just  as  tho 
•plastic  power  can  not  collect,  the  sunlight  can  not  arrange.     Each  has 
its    own   sphere   of  duty.     'J'he   one  gives   the   substance,  tlic   other 
moulds  it, 

t  £very  flowering  plant,  no  matter  how  Immble  it  may  be,  is,  then,  a  rep- 
resentative of  the  action  of  these  double  influences,  and,  when  Connimption 
^Wopcrly  considered,  may  wcU  extend  the  views  wo  ought  to  v^^uJ-io* 
taitcrtain  of  the  systena  of  nature.  The  supplying  or  furnish-  development. 
Sng  agent,  the  light,  comes  from  a  star  which  is  at  a  distance  of  almost  a 
hundred  millions  of  miles,  and  is  the  pivot  of  all  tho  planetary  motions. 
Without  this  extraneous,  tliis  foreign  force,  the  whole  surface  of  the  earth 
fUronld  be  a  desolate  waste,  presenting  no  semblance  of  life.  The  leaf, 
the  flower,  the  bud,  the  stem,  the  root,  are  all  made  of  substance  that  has 
been  given  by  the  sun,  derived,  it  is  tnicfirom  one  of  tho  constituents 
vf  the  air,  but  forced  to  take  on  the  special  state  which  suits  the  needs 
m  the  plastic  power  by  that  distant  agent ;  and,  in  order  for  this  to  oo- 
vur,  it  is  plain,  from  mechanical  considerations,  that  there  must  have  been 
(VI  cxpcniliture  of  power,  or  of  tlie  actuig  jirinciple  itself,  for  light  can 
■liot  pnxlucc  tliese  etl'ccts  without  losing  its  own  peculiar  form.  For  tiie 
llecomposilion  of  a  given  weight  of  carUonic  acid,  and  the  tbrmation  of  a 
jgiven  weight  of  gum,  a  fixed  and  invariable  quantity  of  light  is  required; 
*jaxt  as  it  is  necessary,  in  moving  a  mass  of  a  certain  weight,  to  ejcpend  an 
equivalent  and  definite  force.  So  tlie  suhstanco  of  which  jilant-organs 
Jeonsist  has  been  brought  into  an  available  state  by  tho  consumption  of 
|l  definite  quantity  of  light — perhaps  its  incorporation,  under  some  other 
ferm,  in  the  resulting  mass.  It  may  be  pent  up  and  imprisoned  in  tho 
jOT^nic  structure  fc)r  any  imaginable  time,  even  for  centuries,  but  is  ever 
yeady  to  resume  its  ])rimitivc  state  when  favorable  circumstances  exist. 
The  coal-fields  which  fumisli  us  witl»  fuel  arc  the  remains  of  primeval 
tbresta  wliich  grew  in  the  ultra-tropical  climate  of  the  secondary  limes^ 
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nnd  the  light  and  heat  we  derive  from  them  are  the  same  that  came  &om 
the  Bun  in  those  ancient  days. 

li,  then,  our  earth  docs  not  possess  in  herself  the  power  of  sustuiui^ 
Ib  the  iiliutk-  the  varied  forms  of  vegetable  life,  hut  borrows  it  from  an  ex- 
|N>w»r  ft  oni-  traneoua  source ;  if  light,  in  producing  these  ejects,  nerer 
fned  tkgrnt  Undergoes  destruction,  but  only  nioditiea  its  state — for  nei* 
lik«  ibuetbcr?  ||,gj.  force  nor  matter  can  be  anniliilated,  though  they  may  te 
changed — what  shall  we  say  of  the  plastic  power  which  we  have  thus 
assumed  to  reside  in  tlko  germ,  the  co-worker  with  the  luminous  agent! 
Does  their  partnership  in  action  indicate  a  resemblance  in  position  or  na- 
ture ?  If  the  one  consists  of  motion  arising  in  an  ethereal,  intangiUe.aitd 
weightless  medium^  dilfused  throughout  the  universe,  may  wo  suppose 
tlmt  the  other  is  the  manifestation  of  a  similarly  diffused  principlflf 
There  is  do  necessity,  as  many  have  thought,  to  impute  to  the  lirst-cntf 
ted  germ  a  formative  power  for  all  its  successors,  as  though  whatcrer 
force  or  qualities  they  possess  were  originally  concentrated  and  included 
in  it.  It  is  {>o3sible  that  countless  millions  of  organic  beings  may  hsn 
originated  from  one  primordial  gcnrt»  just  as  we  see  on  extensive  oorifli- 
gration  originating  from  a  single  spark. 

That  such  a  plastic  principle  exists  has  long  been  admitted  by  plul(»> 
ophcra,  both  s|>ecula(ivc  and  c.\|KrimentaI.  It  is  a  doctrine  ^'hich  seems 
to  haro  arisen  in  the  infancy  of  human  knowledge,  and  is  to  be  met  vith 
in  almost  all  tlic  old  Asiatic  and  Eurojx-an  systems.  The  aruheas  and 
soul  of  the  world  of  the  alchemists  were  only  the  reproduction  of  ara^ 
ancient  idea.  Tlie  term  **  vital  e]iark**  was  once  something  more  than 
a  mere  metaphorical  expression ;  and,  indeed,  there  is  a  claRsic*  ooU*' 
ness  in  the  thought  which  recognizes  a  universal  spirit  diffused  evay 
where.  In  different  countries  and  by  different  authors,  the  nature  and 
function  of  this  principle  are  variously  represented;  iniperl'ect  concep- 
tions of  what  is  so  significantly  but  briefly  set  fortli  in  the  opening  wordi 
of  the  Sacred  Scriptures,  which  plainly  recognize  the  true  conditions  UU' 
dcr  which  nil  vegetable  organisms  arose — formless  matter,  the  sunlight, 
and  a  brooding  spirit. 

I  s]mll  continue  to  speak  of  this  principle  under  the  designation  c4*the 
plastic  power,  because  that  expression  points  out  aptly  the  function  dis- 
cluu^d,  and  to  assume  that  all  those  organisms  which  possess  the  qual- 
ity of  converting  inorganic  bodies  into  organic  structures  do  so  under  the 
double  influence  of  light  and  of  this  interior  principle.     This,  of  coursfi) 

*  Prineipio  nvtitni   rc  tcrru  campnsque  tiqucntoA, 

LoeentenKiue  ttlobum  Lunic,  Tttaninque  astra, 
Spiritiu  intus  alit,  toianique  iufuaa  per  vtoB 
Mens  aKiUkt  mol<:m,ct  ma^^no  m  oorpore  muc«t. 
Inde  hominum  [>vru(liiiriquc  f^oue  Tilfcque  volnntum 
£l  quic  manooreo  fcr\  mDunn  tab  tsquun  ^uatuj, — Viao.  ^*,  1  vi ,  '5i. 
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includes  nearly  &]]  vegetable  forms,  for  we  may  leave  out  of  considera- 
tion the  fungi,  a  group  which  .stands  intermediately  between  plants  aitd 
animals.  The  distinctive  character  of  a  plant  is  to  form,  frora  carbonic 
add  of  the  air,  solid  organic  structures.  The  distinctive  character  of  an 
animal  is,  by  the  oxidizing  processes  going  on  in  it,  to  restore  tbc  or- 
ganic bodies  which  lutve  served  it  as  t'ood  to  their  original  formless  state. 
The  group  referred  to  differs  from  true  plants  in  feeding  on  matter  al- 
ready organized,  and  breathing  like  animaU.  It  therefore  docs  not  re- 
quire the  iutluence  of  ligl^  to  collect  msterinl  for  it,  and  bring  it  to  the 
proper  state.  In  the  development  of  this  group  the  plastic  principle  is 
ilone  conccrne*!. 

Since  the  sunlight  is  composed  of  many  diflerently  colored  rays  and 
different  principles,  it  becomes  an  interesting  iiKiuiry  wliicU  p^^  rofdir. 
of  these  is  the  immediate  agent  in  ministering  to  the  nutri-  fi-rciit  coiund 
tion  of  plants.  In  1843,  by  causing  plants  to  effect  the  dc-  "r*  *■'''«»"• 
eomposition  of  carbonic  acid  in  the  prismatic  spectrum,  I  found  that  the 
ydlow  is  by  far  the  most  effective,  the  relative  power  of  the  various  col- 
otB  being  as  follows : 


Yellow, 
Green, 
Orange, 
Bed, 


Bloe, 

Indiffo, 

Violet. 


W      My  experiments  on  the  production  of  hydrochloric  acid  by  the  direct 
'  tmion  of  chlorine  and  hydrogen  under  the  influence  of  light,  phonomma  of 
both  artificial  and  solar,  and  also  on  the  decomposition  of  iiiv  oction of 
pcroxalate  of  iron,  from  which  carbonic  acid  is  readily  disen-  (•nmiii  of 
gaged,  conclusively  establish  the  fact  that  the  primary  con-  r'*""- 
diiion  essential  for  the  chemical  action  of  light  is  tlic  absor])tion  of  some 
particular  ray.     If  the  physical  condition  of  substances  otherwise  easily 
decomposable  is  such  that  tliey  transmit  light  without  absorbini;  any,  no 
dieaucal  chnngc  ever  ensues  in  them,  and  the  same  condition  obtains  in 
Gtses  of  combination.     Thus  oxygen  and  hydrogen  can  not  be  made  to 
unite,  even  by  the  most  intense  radiation,  because  neitiier  of  them  ex- 
ert any  absorptive  action;  but  chlorine  and  hydrogen  unite  with  energy, 
becanso  the  chlorine  absorbs  the  indigo  ray. 

The  same  experiments  prove  that  tlie  amount  of  decomposition  or  oth- 
er work  done  by  light  is  always  jiroportional  to  its  quantity  ;  hence,  by 
the  aid  of  converging  mirrors  and  lenses,  chemical  clianges  can  be  ao- 
complished  with  great  rapidity.  These  instruments,  however,  when  even 
of  the  largest  size,  are  unable  to  produce  any  cither  effect  than  would  be 
iHonght  about  by  a  feebler  ray  if  applied  sufficiently  long.  The  great- 
ly increased  intensity  of  light  which  they  can  present  does  not  enable  us 
either  to  bring  about  combinations  or  decompositions  of  substances  wlueU 
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are  unncted  upon  by  rays  of  a  more  mcxlcrate  brilliancy,  for  tbftgBMll 
rule  under  wliicii  tlie  chemical  action  of  light  occurs  is,  the  amoont  of 
chemical  change  is  as  the  quantity  of  light  absorbed. 

These  facts  are  of  importance  in  all  discussions  respecting  the  prim- 
itive formation  of  organic  matter  by  plants.  Guided  by  them,  vre  iiifiEr 
that,  though  vegetation  may  greatly  differ  in  its  loxunancc  in  ditfcrent 
climates  of  the  globe,  the  manner  of  action  of  the  Ught  is  always  die 
same.  Xotliing  is  gained  under  the  brilliancy  of  the  tropical  skies  b^ 
yond  a  shortening  of  the  time  required  for  tlie  accomplishment  of  a  givcfi 
amount  of  work.  No  substances  arc  there  decomposed,  even  in  the  «s 
ganisms  of  plants,  wKicb  could  not  equally  well  be  decomposed  by  tltf 
feebler  light  of  more  temperate  climates,  only  in  these  it  would  dcinutd 
more  time.  The  oils  and  other  substances,  almost  or  quite  free  froio 
oxygen,  wbicli  abound  in  the  plants  of  the  torrid  zone,  are  not  excep- 
tions to,  but  illustrations  of,  the  doctrine  here  set  forth. 

It  is  proper  here  to  correct  the  statement  which  is  usually  made  hj 
l(  is  not  Uie      vegetable  physiologists,  that  the  decomposition  of  carbonic 

grcvn  pu-tt  of  aciJ  \,y  iiliuits  13  accomiiliKlicd  by  their  ereen  parts.  A 
plain*  ^Vicii       ,         "^ ,  .  ,    ,        1  \  t       ,  .    ,     1°  ,.  »   i 

iieroinposocar-  puiut  wuich  has  bccu  etiolateu,  or,  indeed,  one  wlncli  his 

bonic  iwi.j.        been  raised  from  a  seed  in  total  darkness,  when  brought  intt 

the  sunshine,  deconiiwscs  carbonic  acid,  liberates  oxygen,  and  its  pale 

and  sickly  leaves  presently  turn  green.     This,  therefore,  demonstntes 

that  the  green  portions  are  not  the  seat  nor  the  origin  of  the  decmrpoai* 

tion,  but  are,  properly  sjieaking,  its  effect. 

Thus,  under  the  intiuence  of  sunshine,  the  leaves  of  plants  dccomptnl 
PUnin  litwniQ  carbonic  acid,  liberate  its  oxygen,  which,  for  the  mostpirt, 
oxr^cn.  escapes  into  (he  atmosphere,  the  amount  of  gas  decomposBi 

depending  primarily  on  the  quantity  of  light  supplied,  and  tltenfim^ 
among  otlior  conditions,  on  the  surtacc  of  exposure  of  the  leaves,  mid 
not  upon  their  thickness  or  mass.  But  I  found,  on  an  examination  of 
the  gas  tlms  evolved,  that  it  is  never  pure  oxygen,  but  always  coutaias 
a  certain  though  variable  proportion  of  nitrogen.  From  this  it  folloin 
that  a  part  of  the  oxygen  ap|)ertaining  to  the  carbonic  acid  is  npprnpri- 
atcJ  for  the  uses  of  the  plant. 

Such,  in  a  general  way,  is  what  takes  place  in  the  daytime,  bat  at 
night  the  process  is  to  a  certain  degree  inverted,  a  plant  absorbing  oxy- 
gen from  the  air,  and  yielding  carbonic  acid.  The  explanation  wbJch 
Liebig  offers  of  this  state  of  tilings  is  doubtless  correct,  that  the  evolu- 
tion of  carbonic  acid  is  a  purely  physical  process,  and  the  absorption  of 
oxygen  due  to  the  chemical  action  of  the  various  deoxidized  bodies 
which  have  been  accumulating  during  the  day. 

As  respects  the  sonrces  from  which  the  various  constituents  of  the 
plant  oi;gariism  are  derived,  they  are  sufliciently  obvioojs.     The  carbon 


Day  doubtless  be  entirely  attributed  to  carbonic  acid,  ob-  soorw  from 
"tained  cither  directly  from  the  atraoaplicre  or  furnished  by  wiiah  Uw  con- 
llie  gradual  decay  of  huniufl  in  the  soiL     For  the  hydrogen  J.uuu  aU  de- 
k  double  source  may  be  assigned — water  and  ammonia.  "^■**^  ofc«r- 
The  abundant  occurrence  of  resins,  oils,  fats,  in  wliicb  this 
_  element  preponderates,  conclusively  eatabliahes  the  fact  that        -  "*^"' 
he  supply  of  ammonia,  as  indicated  by  the  nitrogenized  compounds 
rhich  have  been  formed,  is  insufficient  to  account  for  the  quantity  of  hy- 
ogen,  and  for  which  there  would  appear  no  other  source  ihnn  water; 
nd  though  tlie  most  brilliant  ligiit,  even  though  concentrated  by  a  pow- 
erful buniing-glass,  can  not  alone  effect  the  deconijwsition  of  this  Urjuidf 
there  will  be  no  ditUculty  in  adiniltiiig  that  such  a  decomposition  does 
kc  ]>lace,  when  we  recall  that  carbon  is  being  presented  in  wtiat  might 
termed  its  nascent  state. 

Of  the  nitrogen  nccessar)'  for  the  formation  of  the  protein  bodies  of 
plants,  it  is  ireuerally  concluded  that  ammonia  is  tlie  only 

■  1     P         I  .  1-         I         •      .        1         Of  nitrogen- 

source,  and  that  these  organisms  uo  not  directly  obtum  tmit 

element  trom  tiic  atmospheric  nir;  moreover,  it  occurs  apparently  to  a 

safficicnt  extent  in  their  sap,  having  been  introduced  by  absorption 

xbrotip;h  the  roots.     As  essential  to  tlie  production  of  the  same  group 

^of  bodies,  tlte  protein  substances,  both  sulphur  and  phos])horus  are  in- 

Plrodaced  through  the  same  channel,  from  the  soil,  ns  sul-  ofsuij.hnrana 

phatcs  and  phosphates,  which  undergo  decomposition  and  pb^M^oni** 
rdeoxidation  within  the  oi^anism,  so  as  to  yield  the  sulphur  and  phos- 
bhorus  in  an  onoxidized  state. 

K    We  can  not  overlook  the  saUuo  substances,  or  mineral  bodies,  which 
^ccur  in  different  parts  of  plants,  and  which  obviuosly  arc  or  tsline  sib- 
l^bsolatcly  essential  to  their  constitution.     Tlic  circumstance  ■^'»et». 
that,  in  any  given  plant,  they  arc  found  fixed  in  their  nature,  definite  in 
tbcLr  quantity,  and  deposited  in  detcrminntc  regions,  is  sufficient  to  es- 
tablish that  concUision.     As  is  very  well  known,  we  can  not  judge  of 
pUieir  nature  or  condition  during  tlie  life  of  the  pitmt  from  the  asjicct  tlicy 
present  when  its  ash  is  examined.     Tims  tliosc  which  have  bean  exist- 
ing as  neutral  or  acid  salts  of  organic  acids  must  appear  in  the  ash  as 
carbonates ;  and  though  it  has  been  established  that  basic  and  mineral 
substances  generally  will  to  some  degree  replace  one  another — nay,  that 
^ven  the  ])Iant  itself,  by  generating  vegetable  alkaloids,  may  dispense 
iritb  bases  of  the  mineral  kind,  the  extent  to  which  this  can  be  carried 
[is  aa  yet  undetermined.     The  occurrence  of  sulphates  and  phosplmtes 
the  leaves  and  seeds,  and  wherever  organic  activity  has  to  bo  dis- 
played, and  protein  bodies  are  found,  is  aufficient  to  establish  a  con- 
Lnection  between  those  substances  and  the  neutral  nitrogenized  bodies, 
though  of  the  manner  in  which,  from  carbonic  acid,  water,  ammonia^ 
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soIpUatcs,  and  phosphates,  those  bodies  arc  formed,  we  arc  as  jel  alto- 
gether ignorant. 

By  some  chemists  it  Las  been  supposed  that  the  decomposition  ot'car- 
TbffVwmpo.  bonic  acid  by  plants  in  the  sunshine  is  not  instantaneoiulj 
ftiiloii  of  tar-   complete,  but  that  a  crradual  process  of  reduction  takes  pliioe, 

bonic  arid    U        ,*,  ,.  .'..i  ii-i-  ». 

Mt)imiAi,iiut  the  carbon  losing  by  little  and  httle  its  oxygen,  but  newr, 
**"**•  perhaps,  losing  it  alt     ily  own  experiments,  previously  al- 

luded to,  which  show  tliat  the  quantity  of  oxygen  set  fi-ee  is  never  quite 
ctjual  to  lliat  of  the  carbonic  ucid  consumed,  have  been  used  in  support 
of  this  view.  But  this,  I  tliink,  is  an  inter[>retation  which  they  will 
scarcely  bear.  There  arc  many  facts  connectwl  with  the  cliemical  action 
of  light  which  might  be  cited  as  offering  abundant  proof  that  tlic  decom- 
position in  question  is,  on  the  contrary,  instantaneous  and  complete,  and 
in  that  I  am  led  to  believe  really  consists  the  primary  function  of  ibe 
light,  tlic  earbon  thus  obtained  being  subsequently  employed  in  accom- 
plishing the  dcconi|H>sition  of  water,  and  other  processes  of  reduction 
known  to  go  on  in  the  vegetable  organism,  hut  with  which,  under  the 
circumstances  of  the  case,  it  is  impossible  lliat  tlio  sunlight  should  be  di- 
rectly  concerned,  I  separate  as  distinct  factors  in  ti\e  life  of  a  pUnt 
the  obtaining  of  carbon  Irom  tlic  air,  which  is  accomplished  by  tlic  inflit' 
ence  of  an  external  agent,  and  the  moulding  or  moditying  it  ^ath  other 
ingredients  into  organized  material,  uliich  we  have  thus  tar  imputed  to» 
plastic  power  in  the  plant  itself,  and  respecting  which  more  will  l>e  pres- 
ently said.  Free  carbon  once  obtained,  wc  can  easily  conceive  tliat  all 
other  operations  of  reduction  may  follow,  and  that  this  division  oftlie 
action  of  pUnts  into  two  distinct  stipes  or  factors,  as  wc  have  just  tenn- 
cd  them,  is  not  a  mere  s{>cculation,  but  represents  what  in  reality  occtm, 
will  perhaps  bo  admitted  on  recalling  wliat  has  been  remarked  on  gtowlh 
in  the  sunshine  and  in  darkness  respectively. 

As  a  summary  of  the  action  of  vegetation  on  the  air,  it  is  on  all  hands 
SmnmAnr  of  adinttti'd  that  plants  tend,  by  the  removal  of  carbonic  aciil 
piinumi"iii«  tlierefrom  and  the  return  of  oxygen  thereto,  to  compensate  foi 
Kitno»pbfln.  the  disturbance  occasioned  by  animals,  which  is  to  the  oppfr* 
site  effect.  In  lliis  way,  tlirough  very  many  centuries,  the  same  percent- 
nge  constitution  of  tlic  atmosphere  is  maintained,  the  sum  total  of  veg- 
etable bt'ing  automatically  adjusted  to  the  sum  total  of  animal  life ;  auto* 
matically,  and  not  by  any  interference  of  Providence;  for  if  we  admit, 
what  has  been  conclusively  established  by  diroct  experiment,  that  plants 
would  grow  more  luxuriantly  in  an  utmosphere  somewhat  richer  in  car- 
bonic acid  than  the  existing  one,  we  may  sec  how  u(mn  this  condition  de- 
pends a  principle  of  conser\'ation,  which  must  forever  retain  the  air  at  iti 
pi-csent  constitution,  no  matter  how  animal  life  may  vary.  The  proofe 
that  are  sometimes  offered  t\ml  Ibew  Uaa  been  no  cliange  in  this  respect 
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or  at  least  2000  years,  aud  which  arc  dmMni  from  an  cxamiuation  of  the 
prial  contenta  ol"  vessels  HaiJ  to  have  been  obtained  from  Pom[>eii  or 
Icrculancnni.  are  of  very  little  account.  We  have  only  to  recollect  how 
sily  ditfufiion  takes  place  through  crevices,  and  even  almost  invisible 
pores.  J?at  there  are  proofs  of  a  far  hl^cr  order,  and  of  a  mnch  more 
general  kind,  which  might  be  brought  ibnvard,  if  tliis  wore  the  proper 
place,  cstabiisiiing  beyond  all  possibility  of  contradiction  the  fact  that  in 
a  slow  manner,  through  countless  ages,  the  constitution  of  the  atmosphere 
.itas  changcil,  and  that  now,  through  the  operation  of  conditions  which 
ITC  spontaneously  arisen,  it  has  come  into  a  condition  of  apparent 
quilibrium. 

When,  therefore,  a  seed  Is  placed  in  tlie  ground  in  the  worm  season  of 
be  year,  the  germ  it  contains  develops,  and,  after  a  few  days,  makes  its 
ppearance  as  a  young  plant  at  the  surface.  If  the  growing  structure  is 
'examined  during  its  passage  through  the  soil,  it  presents  a  pale  ycUow- 
ioh  aspect,  whicli  is  c:cchangcd  for  a  bright  green  tint  as  soon  as  it 
escapes  from  its  confinement,  and  unfolds  itself  to  the  sunlight  and  the  air. 
From  the  first  moment,  until  the  green  color  is  assumed,  tJic  yotmg 
plant  ia  nourished,  as  we  ha%c  seen,  at  the  expense  of  the  |„ft^ntiie  anj 
teed.  In  anticipation  of  this,  tiio  parent  had  laid  up  a  stock  atiuit  life  of 
W  nutritive  material.  On  this  the  embryo  draws,  consuming  *"  *"^ 
a  pait  in  the  support  of  its  life,  and  incorporating  tho  residue  in  its 
structure ;  but  as  soon  as  tlie  surface  of  the  soil  is  gained,  this  life  of  de- 
pendence ends;  the  plant  weans  itself,  anil,  abandoning  its  temporary 
•npport,  commences  to  collect  from  the  air  and  ttie  earth  the  niaterials  of 
■rhicb  it  is  to  consist.  Its  infantile  sccd4ife  has  closed ;  its  independ- 
kt  aerial  life  has  begun. 

m  lu  this  aerial  life,  whicb  is  the  mode  of  existence  dcstuied  to  continue 
■ntil  absolato  death  occurs,  the  two  essential  conditions  to  sommirFof 
which  we  have  drawn  attention  arc  recognized.  There  must  the  conuiuon* 
be  a  steady  supply  of  material  for  the  builduig  up  of  the  *''~'*  '* 
growing  struclurcs,  aud  this  ha^  to  be  derived  irom  external  sources, 
here  must  also  be  a  capability  of  so  grouping  or  moulding  tlie  material 
bus  acquired  tlmt  the  vai-ious  parts  tliat  are  wanted — leaves  or  fruits, 
[>wcrs  or  thorns,  may  be  made. 

The  manner  in  wliich  these  conditions  are  satisfied  presents  to  a  re- 
eding mind  one  of  the  most  wonderful  examples  of  the  system  of  na- 
\Vc  have  already  shown  that  the  power  of  moulding  and  group- 
Rg  is  inherent  in  the  plant.  In  virtue  of  this,  while  it  was  yet  in  tho 
Aground,  and  therefore  in  the  dark,  the  germ  could  put  up  its  stem  and 
fkaliion  its  imperfect  leaves,  but  it  did  not  possess  any  power  to  gather 
nouriBfamcut  beyond  that  which  was  stored  up  in  the  seed,  and  had  that 
|Atock  becn.exhaustcd  before  it  reached  the  surface,  it  must  UaY<i  di<t*L 
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Wc  have  also  shown  tliat  tlie  supply  of  new  nuitcrial  is  alwars  fur- 
nished hj  the  sun.  In  tiie  absence  of  his  rays  the  plant  may  organiie, 
bnt  can  not  increase,  and,  indeed,  it  wad  to  the  intlaeuce  of  light  iltat  the 
green  color  of  the  iirst  leaHcts  was  due.  All  the  day  long,  and  with  the 
more  activity  as  the  day  ia  Inwhter,  tlie  leaves,  which  are  the  collecting 
organs,  aro  absorbing  materiaf  trom  tlic  air ;  they  cease  to  do  it  at  nigbu 
I1ic  sunbeam  cnabtea  them  to  take  from  the  air  carbon,  hydrogen,  ind 
nitrogen.     They  feed  by  day  and  fast  at  night. 

Astronomers  say  that  the  sun  is  the  most  subUrae  objexrt  the  eye  of 
man  can  contemplate.  They  spc^  of  his  prodigious  mass,  and  describe 
how  lie  compels  tlic  planets  lo  move  in  obedient  circles  around  him.  To 
the  physioktgist  be  is  not  less  sublime.  The  most  insignificant  moss 
tliat  grows  on  the  ivail  was  called  into  existence  by  his  heat,  and  is  daily 
fed  by  his  light.     The  Bunbcam  is  the  finger  of  God. 

The  nutrition  of  plants  is  therefore  dependent  on  physical  cause* 
The  carbonic  aeid  required  being  brought  to  them  by  aerial  currents,  oc- 
casioned |)artly  by  the  warming  influence  of  the  sun  on  their  leaves  ud 
partly  by  the  winds,  tltc  tendency  of  gases  to  difluse  into  one  another 
aids  in  producing  the  same  result.  In  this  manner,  as  they  exhaust  the 
surrounding  air,  fresli  quantities  are  supplied,  the  separation  of  carboo 
from  it  being  brought  about  by  the  agency  of  the  yellow  rays,  Tto 
leaves,  also,  sometimes  follow  the  motion  of  the  sun,  or  present  thcmst'Jvcs 
in  the  most  favorable  position  under  the  influence  of  the  indigo  rays. 

The  water  requisite  is  obtained  from  the  soil  by  the  spongioles  of  tk 
roots.  With  it  there  aie  carried  into  the  interior  of  the  plant  the  saliae 
and  inorganic  substances  necessary  for  its  structure.  These,  since  thcr 
are  often  of  sparing  solubility  in  water,  will  require  large  quantiliea  ot 
that  liquid  to  effect  their  introduction  to  n  proper  amount.  Duriug  the 
course  of  a  summer  there  may  pass  tluough  the  system  of  tbe  pUat 
perhaps  many  hundred  times  its  weiglit  of  water — a  prodigious  amoonC 
when  the  phenomenon  is  considered  on  the  great  scale. 

Cuvier  speaks  of  the  inferior  organisms  as  famialiing  us  with  a  series 
Belalloa  of  or.  ^^  experiments  nia<le  by  the  hand  of  Nature,  an  idea  often 
gulnu  to  quoted  and  often  adinireil,  but  which  is,  perhaju,  scarcely  con* 
'^  *'■  aistent  with  enlarged  conceptions  of  the  system  of  the  world. 
An  OT^anlsm,  no  matter  how  high  or  low,  is  not  in  an  attitude  of  isoW 
tion.  It  is  connected  by  intimate  bonds  with  those  above  and  those  bfr 
neath.  It  is  no  product  of  an  experimental  attempt,  which,  cither  on  tbe 
part  of  Nature  or  otherwise,  has  ended  in  failure  or  only  partial  success. 

The  organic  series — an  expression  which  is  full  of  significance  and  full 
of  truth,  for  it  implies  the  interconnection  of  all  organic  forms — the  o^ 
ganic  scries  is  not  tins  result  of  numberless  creative  blunders,  abortive  at* 
tempts,  or  freaks  of  Nature.     U  ^ttiacnts  a  far  nobler  aspect.     E^'oy 
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imber  of  it,  even  tlie  hnmblest  plant,  is  perfect  in  itself.    I'rora  a  coin- 
origin,  a  simple  cell,  all  have  arisen:   there  ia  no  perceptible  micro- 
pic  ditiercncc  between  the  primordial  vesicle  which  is  to  protluue  the 
b*est  plant,  and  that  which  is  to  produce  the  highest ;  but  the  one,  un- 
der the  favoring  circumstiuices  to  wliich  it  has  been  cxposeiL,  has  contin- 
ued in  the  march  of  development,  the  career  of  the  other  has  been  stop- 
Bed  at  an  earlier  point.     The  organic  aspect  at  last  assumed  xbo  form*  of 
IS  tlie  strict  representation  of  tlie  nbvsical  agencies  wliich  have  nrRnnijmUon 
ni  at  work.     Had  tliese  tor  any  reason  varied,  tiiat  varia-  (.hvsical 
n  would  at  once  have  been  expressed  in  the  resulting  form,  ■««"'*■ 
hich  is,  thereibre,  actually  a  geometrical  embodiment  of  the  antecedent 
lysical  conditions.      For  what  reason  is  an  oftspring  like  its  parent, 
except  that  it  lias  been  exposed,  during  development,  to  tlie  same  condi- 
tions as  was  its  parent  ?    Comparative  physiology  is  not  a  fortuitous  col- 
1:1  ion  of  experiments.     Our  noblest  conception  of  it  is  the  conception 
have  of  analj-tical  geometry,  and,  speaking  in  matliematical  language, 
member  of  the  organic  series  is  an  embodied  result  of  a  discussion 
the  ecjuation  of  lite  for  one  special  case.     Xay.  I  would  present  the 
'bole  system  of  Nature  as  included  in  the  same  idea.     The  inorganic 
id  lifeless  combinations  wliich  arc  aU  around  us  arc,  to  ray  mind,  in 
th,  in  that  equation  of  life,  the  analogues  of  the  imaginary  solntions  of 
calculus. 
It  waa  a  felicitous  thought  of  Descartes  that  we  may  represent  a  gco- 
trical  form  in  an  algebraical  equation,  and,  by  the  proper  i,i„^t^„j„„  ^f 
oonsiderntion  and  discussion  of  such  an  expression,  dctcrm-  the  Mation  of 
and  delineate  all  the  peculiarities  of  such  a  form ;  that  hero  3fn*v»S  fr!^' 
should  become  concave  and  there  convex,  here  it  should  maij tical  ge- 
n  out  to  inlinity,  tliere  have  a  ensp.     Tlie  equation  determ- 

all  the  |)cculiftritie3  of  the  form,  and  enables  us  to  construct  it.  Bat 
the  original  conditions  arc  Inconsistent  with  one  another,  the  construc- 
ion  can  not  be  fuJrillcd,  it  having  become  imjrossiblc.  In  the  same  man- 
arc  all  living  and  lifeless  forms  related :  an  increase  in  the  value  of 
one  condition  carriea  development  fonvnrd  in  one  direction,  and  increase 
in  the  value  of  another  condition  determines  development  in  another  way, 
nd  these  variations  give  rise  in  their  succession  to  the  whole  organic 
sriea.  But  in  these,  as  in  the  other  case,  if  inconsistent  conditions  have 
■isted,  their  presence  is  indicated  in  the  resulting  solution,  which  can 
lot  be  constructed  as  an  organic  form,  but  ia  retircscnted  as  a  lifeless 


"God  ever  gcomctrizcs,*'  and,  it  might  be  added,  ever  materializes, 
ivcry  organism  is  the  result  of  the  development  of  a  vesicle  under  given 
conditions,  carrie<i  out  into  material  execution.  It  ia  the  incarnation,  the 
ktnbodirocnt,  the  lasting  register  of  physical  influences ;  for,  if  such  bxtv- 
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guago  inny  be  with  propriety  n9cd,  tlie  consequences  of  the  action  of  nat- 
ural agents  do  not  remain  as  a  barren  idea  in  tlio  creative  mind,  bot  trc 
presented  as  a  material  and  tangible  result, 

8ach  a  mathematical  conception  of  the  relations  of  tlu^  varloos  fbnas 
around  us  obliterates  at  once  the  lino  of  demarcation  which  natur^  his- 
tory luis  thus  far  vainly  attempted  to  detino  with  correctness  betveen 
the  organic  and  inorganic  worlds.  In  the  system  of  creation  no  snch 
boundar}*  exists  ;  neither  docs  one  exist  between  the  vegetable  and  am- 
raid  groups.  On  every  form,  all  existing  iiitiucnces  luive  exerted  tlicir 
sway:  gravitation,  heat,  electricity;  the  result  is  the  issue  of  tlicir  action. 
The  shape  of  any  great  mountain  is  thus  the  record  of  even*  thing  tlai 
lias  aflccted  its  mass  since  it  was  tirst  uplifted.  Its  ancient  jicaks  ait 
the  register  of  every  aumraer's  sun,  every  trost,  every  IkUing  rain,  evay 
lightning  stroke.  It  is  what  it  is  because  of  them  ;  and  so  also  of  tLc 
lichen  which  unfohls  itself  on  some  favorable  S])ut  on  the  rock.  WotJil 
it  be  there  at  all,  or  would  it  have  the  special  aspect  it  presents,  if  there 
was  not  a  due  proportion  of  sunshine,  a  proper  supply  of  moisture,  t 
suitable  tcm})eraturc  t  It  is  suclt  conditions  which  have  called  it  foitli. 
It  is  what  it  is  because  of  them.  In  this  redjKct,  between  the  InotgaDic 
and  organic,  there  is  no  dillerencc. 

Tho  preceding  elementary  examination  of  the  circumstances  uiitier 
CorrtHUon  of  which  plants  grow  has  led  us  to  the  inference  that  in  llidi 
JfS2l^Mw/  fi*""  iheie  resides  a  pUstic  power  wliose  function  it  is  lo 
«r.  model  the  organic  matter,  as  it  is  furnished  by  the  soaligliti 

into  dciinite  shaj^cs  or  organs.  We  now  proceofl  to  correct  the  caacep- 
tion  we  have  thus  formed,  and  to  siiow  that  it  is  more  philosophical  ti) 
decline  the  idea  of  an  a^etU  and  to  accept  that  of  a  cotulilioru 

Perhaps  tho  most  simple  method  of  illustrating  this  idea  is  from  con- 
siderations connected  with  tho  indiWduality  of  the  onanisms  which  ban 
thus  arisen.  Directing  their  attention  to  plants,  botanists  have  occupkii 
themselves  in  endeavoring  to  detcrmiuc  what  is  the  attitude  in  wliicii 
CoMidantiotu  thcy  Stand.  They  have  tried  to  find  out  wherein  tlie  indi- 
iSKilikifiily'  vidualitj-  of  a  plant  consists,  for  this  question  of  individoal- 
ofapittui.  ity  lies  truly  at  tlie  basis  of  the  |jositiou  ivhiuh  those  slrufr- 
tores  occupy.  There  are  oaks  that  have  lasted  a  thousand  years,  but  alt 
they  to  be  regarded  as  individuals  that  are  a  thousand  years  old'?  U 
not  such  a  tree  rathtiT  like  a  nation,  a  collection  or  colony  of  indivtduab. 
tltc  individuality  belonging  to  each  bud,  to  eacli  leaf  it  has  borne;  for 
tlicrc  is  a  close  analogy,  if  not  an  absolute  identity,  between  the  process 
of  development  of  a  seed  in  the  ground  and  of  a  bud  upon  a  braochi 
both  have  their  infantile,  both  their  aerial  life-  The  IcAvos  of  the  oak 
■which  expand  in  the  spring,  fall  in  the  autumn.  Their  origin  and  do- 
ties  are  connected  with  astronomical  events,     Kach  annual  geuemtico, 
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kOc  it  lasted,  carried  forward  all  the  functions  of  the  tree,  as,  in  a  na- 
km  that  may  ha\e  endured  for  a  thousand  years;  each  generation  of  men 
s  borne  its  part  in  the  general  scheme,  and  made  pro^n^ion  for  its  suo 
Bflora.  The  individuality  therefore  lies  not  in  the  tree,  but,  perliaps, 
thns  far  considered,  should  be  referred  to  tljp  bud. 
Bat,  moreover,  when  wc  ronaidor  the  modes  by  which  a  tree  may  be 
iropngated,  as,  for  instance,  in  the  horticultural  prooesses  of  budding  or 
jrafting^,  our  views  of  this  question  of  individuality  must  again  be  modi- 
Bed.  hy  these  artificial  operations  an  original  stock  may  Ix?  multiplied 
gain  and  again,  and  each  of  the  plants  so  arising  is  undistinguishablc  from 
my  other  timt  may  have  conic  in  the  same  way.  Setting  aside  the  inci- 
ental  difierencc  that,  through  the  intcr\*cntion  of  artiticial  means,  the  huda 
x>ra  which  two  such  plants  have  originated  have  been  brought  under  the 
Ondition  of  physical  indejiendence  of  one  anotlier,  the  one,  perhaps,  grow- 
(ig  in  America,  the  other  in  Europe,  is  there  any  absolute  and  essential 
ifferenoc  between  them  more  thnn  there  woxJd  have  been  had  they  been, 
ermittcd  to  remain  upon  the  parent  stock,  and  to  develop  themselves  into 
iro  branches  thereof?  Sucii  facts  suggest  to  us  that  individuality  docs 
t  belong  to  plants,  as  they  thus  present  themselves  to  us,  and  tliat 
haps  wc  ought  to  assume  an  individuality  of  a  higher  order — a  race 
idividunlity,  as  it  were  In  this  manner,  all  weeping  willows  in  Kuropc 
d  in  America  arc  one  individual,  because  they  have  all  been  derived 
one  original  imported  Babylonian  stock ;  and  the  same  might  be 
id  of  evtny  one  of  our  cultivated  fruits.  But  of  these,  if  a  seed  be  ]daiit- 
',  the  general  aspect  of  the  resulting  growth  may  possibly  be  the  same 
is  that  derived  iiom  a  graft,  and  how  shall  we  tlicn  make  a  distinction 
ictwccn  the  one  and  the  otlier?  for.  though  by  seed  development  the 
lant  may  chance  to  run  bnck  to  a  wilder  form  or  to  produce  a  new  va- 
iety,  this  result  is  by  no  means  absolutely  necessary. 

From  similar  considerations,  some  physiologists  ha>'e  been  led  to  deny 
ndividuality  to  the  bud  and  the  seed,  and  to  refer  it  to  the  primary  cell ; 
(nt  here,  again,  precisely  the  same  difficulties  are  encountered.  A  cell 
t^  multiply  itself  by  fissure  through  its  nucleus,  as  well  as  in  an  en- 
^^tonous  way;  moreover,  ceUs  arise  from  granular  material.  Individu- 
lity,  therefore^  except  it  bo  that  of  a  lower  order,  can  not  be  attributed 
e  them,  .ind  the  question  of  the  determination  of  it  rests  precisely  where 
re  found  it. 

In  truth,  are  not  all  such  discussions,  in  their  ^'ery  nature,  illusory,  so 
Dng  as  we  have  no  more  definite  idwi  of  tlic  term  individu-  ThfWMofiii. 
iity?  If  a  natural  philosopher  were  to  occupy  himself  with  inflppn'rabioio 
imilar  discussions  respecting  the  flame  of  a  lamp,  he  too.  piAuu. 
oubtless,  would  be  led  to  precisely  the  same  empty  conclnslon.  He 
night  show  how,  in  such  a  flame,  there  are  sepaxate,  well-markci  re- 
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g^ons,  some  of  which  were  present  at  the  first  moment  of  its  existence. 
and  remain  to  ita  end,  as,  for  example,  the  blue  portion  which  is  at  iu 
under  part.  He  might  show  how  cvorj"  one  of  these  flames  tends  to  as- 
sume a  dcllnito  or  determinate  form — conical,  for  instance— Hind  proceed 
to  argue  that  this  is  the  result  of  the  interaction  of  external  causes,  as  the 
passage  of  currents  in  the  air,  and  some  interior  principle  or  power  po?- 
eesscti  by  the  flame  itseiC  He  might  consider  how  that  from  one  flame 
another  can  be  kindled,  in  all  respects  like  its  parent  in  qualities  or 
shape ;  and  how,  in  succession,  from  one  original,  myriads  upon  myriads 
miglit  80  arise.  He  miglit  engage  himself  in  disquisitions  as  to  the  man- 
ner in  which  such  an  extraordinary  result  is  to  be  explained,  and  as  1o 
the  source  to  wliich  he  should  impute  ^rith  exactness  tlie  origin  of  eacli 
of  these  independent  6ames,  and  Ihctr  mutual  interrelation.  He  miglit 
inquire  if  the  force  which  each  possesses  was  originally  contiuncd  in  the 
original  flame,  and  how  it  came  to  gt^'e  it  forth  witliout  loss  of  any  of  its 
own  power.  He  might  also  amuse  himself  with  questions  of  ihdi^-idD- 
ality,  anil,  in  doing  all  this,  it  would  be  no  more  than  physiologists  ha^'e 
done  before.  Between  the  case  of  the  trees  and  flames,  of  which  wc 
Lave  been  speaking,  it  is  not  ditficuU  to  sec  that  there  is  an  analogy. 

Are  plants,  in  truth,  then,  nothing  more  than  temporary  states  throngli 
Ptanu  are  on-  ^'^^^'^  material  substance  is  passing,  because  of  some  original 
•ntiion*,  not  physical  impression  made  upon  it,  and  the  present  opentiw 
of  external  circumstances  ?  Can  individuality  be  apjtliedto 
them  any  more  tlian  to  a  flame  t  Instead  of  being  individuals,  are  thej 
not  rather  the  transitory  results  of  an  operation? 

Tlie  lamp,  which  we  have  been  using  as  an  illustration,  may  serve  to 
AnilncTT  ho.  enlighten  our  path  a  little  farther.  In  the  infancy  of  diemis- 
tvii-<-n  a  )>unt  try,  it  might  liavc  been  said  of  it  tliat  it  possessed  a  buming 
ant  a  «ijo.  pQ^.^j.^  which  enabled  it  to  dispose  of  the  matter  .with  which 
it  was  fed,  just  as  we  say  of  a  phint,  in  the  infancy  of  physiology,  that  ii 
possesses  a  plastic  power,  which  groups  into  definite  forms  the  substance 
with  which  it  is  furnished.  The  so-called  burning  power  was  dcrirol 
from  another  flame,  in  all  respects  analogous  to  that  whicli  manifests  it, 
and  is  nothing  more  tfian  an  extension  of  a  physical  operation,  tlie  tend- 
ency of  which,  so  tar  from  being  to  check,  is  to  continue  as  long  as  the 
proper  material  is  funiislicd.  The  lighting  of  a  second  flame  is  esscn- 
tially  the  same  condition  as  the  continued  combustion  in  the  first.  Tk 
fact  of  scparatoness  clianges  tlie  phenomenon  in  no  respect  whatever ;  tlie 
relation  of  two  separate  flames  is  the  same  as  that  of  two  different  ports 
of  the  same  flame  ;  and  so  the  derivation  of  a  plastic  power  bv  a  plun^ 
from  its  ancestor  is  essentially  the  some  thing  as  the  maniicstation  of  a 
ftimilar  power  in  diflcrcnt  parts  of  its  own  system. 

Though  it  may  therdote  be  convenient  to  speak  hy]}Othciical]y  of  tlii^ 
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principle  wliicli  accomplishes  in  a  plant  the  grouping  of  its  parU  as  if  it 
were  an  agent,  the  foregoing  ilJuatrationa  show  us  that  all  the  tacts  of  tho 
case  arc  equally  well  satisfied  on  tho  supposition  that  it  is  the  continua- 
tion of  an  operation,  A  multitude  of  parallel  instances  present  them- 
selves. In  the  making  of  leavened  bread,  all  the  phenomena  would  seem 
to  be  accounted  for  either  upon  the  hyputlicsis  that  there  resides  in  the 
Icavcn  or  ferment  an  agents  whoso  quality  it  is  to  determine  a  specific 
change  in  the  flour,  or  that  there  is  an  operation  which,  hccausc  of  tho 
chemical  conditions  existing,  is  gradually  spreading,  and  which  will  not 
ocasG  until  all  the  material  suhmittcJ  to  it  haa  been  affected,  and  thta  no 
matter  whether  it  he  in  the  same  mass  or  in  successive  portions.  Of 
such  h\'pothcac3,  the  first  is  merely  an  elementary  idea,  the  latter  in- 
vol>'C0  a  pliilosophlcal  conception. 

In  this  way,  therefore,  tlie  so-called  plastic  power  of  a  cell  or  tlic  genu 
of  a  seed  may  be  regarded  oa  tho  continu&l  manifestation  Kataro  of  ih« 
of  an  antecedent  impression  long  ago  made,  and  which,  un-  piwi^  power. 
der  the  cj^isting  conditions,  has  no  liabibly  to  wear  out  or  die  away; 
and  that  impression  may  have  been  purely  ]diysical  in  its  nature. 

Viewed  in  tliis  attitude,  iha  life  of  plants  is  a  physical  phenomenon. 
The  parts  of  which  they  arc  composed  are  furnished  to  them  Tlw  lifnof 
by  influences  of  a  mechanical  kind :  their  carbon  ia  taken  by  pj,"^[ ' 
a  true  chemical  decomposition  from  tho  carbonic  acid  of  tho  libisaon^ooo. 
air ;  their  nitrogen  cornea  from  ammonia  or  from  tlie  atmosphere.  Wa- 
ter is  drawn  by  capillary  attraction  from  the  ground.  In  virtue  of  its 
chemical  qualities,  it  carries  into  the  growing  system  tlie  various  saline 
bodies  present  in  the  soil,  and  which  arc  needful  for  the  economy.  The 
sunlight,  heat,  rain,  winds,  are  the  supplying  and  ntu-turiug  powers,  and 
tlie  grouping  agencies  residing  in  the  plant  arc  of  the  some  mechanical 
derivation  or  order. 

The  germination  of  a  seed  and  tho  growtli  of  a  plant,  as  thus  consid- 
ered, show  ua  to  wliat  an  extent  physical  forces  are  ooucemed  in  vege- 
table organisation.  The  conclusion  thus  indicated  is  enforced  in  no 
common  maimer  when  we  direct  our  attention  to  the  scries  instead  of  to 
a  single  plant.     This  is  what  I  propose  to  do  in  the  following  cliaptcr. 
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CHAPTER  IL 

ON  THE  nnXTTESCE  OF  PUrsiCAL  AGENTS  OX  THE  ORGAXIC  SERTCS- 

Qftit  Gtograp^y  ^Plantt:  dttir  KorixtnUd  ami  vtrtiaU  LacaRsatiaii. — In/hfTiir  n^  fina  at  or- 

ffoaSe  Ditfrilmtiein  itotheral  and  iaoekimmai  QMuBtioiu. — Eff*etM  of  Vtirutsiuna  in  tlmDaa. 

itf^tln  Air,  MoiMtmn,  Soil,  SimSgkt,  Uiylh  i^Day.—D^fimt*  QwMlUy  ^Upat  rtjdnd 

bfPtamt: 
Sernltr  I'rrfurlMitioHs  ut  the  SjfnfM  q^  JHoMts^—Leuy  Periodi  ^  Tim  rtfmr^SMmJur  gm- 

toffiad  UuvigOL 
Imvtftt  PrMem  ^fthe  luctatitfQtiom  tfftka  EatiKt  Tfititory  _from  her/oait  FTara. — Tiwj™" 

Urrrxtrvtl  EpeeAm .-    Otanf/e  ia  tk»  OmMtitntiom  qf  tiu  Air,  and  Laaalitnti«m  of  Qryammi 

throtiyh  Lkt-Hm  i{f  the  Earth* a  jHterior  Iltai, 
D^etmct  iittwvm  (i6nyrt  oik^  gradmU  Imprv*«toru. — InntriaUt  OMtet  may  prvttm  ^nfl 
.     Crimi. 

Extmnon  <if  the  ttlrort  Prmeiplt*  to  (At  Out  tf  AnimalM. —  Que^the  Jtioa  Ittdiimm. 
Gottral  AtynmaU  wf^torUil  l>y  tk«  ExtinrtyM  of'  Eorvu. — I^vftopmnit  u  mdrr  tht  Jifltmmct  ^ 

ham. — AKfimaifury  Organa  ami  Exceaaa  ^  UemityimaU, —  7^  Jtiea  ^  iJtttbpmat  If 

£am  etmmttmt  wiA  natural  Eaets, 

The  jraUication  of  Humboldt's  Essay  on  tlio  Geography  of  Plants 
c«iirMnhic»i  ^*'  formally  drew  the  atteniioa  of  botanists  to  the  conned 
dUtriUiUuii  of  tion  between  tlic  distribution  of  vegetables  and  the  distribo- 
''**°'*'  tion  of  heat  on  the  surface  of  the  globe.     Starting  from  the 

equator  and  advancing  to  the  pole,  in  cither  hemisphere,  the  mean  annual 
temperature  declines  as  the  latitude  becomes  greater,  and  in  succession  a 
scries  of  vegetable  zones,  mei^ng  gradually  into  each  other,  thougli  each, 
where  best  marked,  perfectly  distinguished  from  the  succeeding,  is  encoun- 
tered. In  the  tropica  we  have  tlic  i>alms,  which  give  so  striking  a  chanc- 
tcriatic  to  the  Ibrests,  the  broad-lcared  bananas,  and  tlic  great  climbing 
plants,  which  tlirow  tlicmsclvca  from  stem  to  stem  like  tlic  rigging  of  a 
ship.  Next  follows  a  zone  described  as  that  of  evergreen  woods,  in  whidl 
the  orange  and  the  citron  come  to  perfection,  IJeyond  this,  another  of 
deciduous  trees — the  oak,  the  chestnut,  and  the  fruit-trees  with  which, 
in  this  climate,  we  are  so  well  acquainted,  and  here  the  great  climbers  of 
the  tropics  are  replaced  by  the  Iiop  and  the  i>'y.  Slill  farther  advanc- 
ing, we  pass  through  a  belt  of  conifers — firs,  larclies,  pines,  and  other 
nce<Uc-Icaved  trees,  and  these,  leading  through  a  range  of  birclies,  which 
become  more  and  more  stunted,  introduce  us  to  a  region  of  mosses  and 
saxifrages,  but  which  at  Icngtb  has  no  tree  nor  shrub ;  and  finally,  as 
ttie  per|>ettial  polar  ices  arc  reached,  the  red  aaow-alga  is  the  last  trace 
of  vegetiihle  organization. 

A  similar  series  of  facts  had  been  observed  by  Tournefort  in  on  ascent 
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of  3Iount  Ararat.  He  found  that  the  diatribution  of  the  veg-  vcniaii  du. 
ctatton  from  tlie  base  to  the  top  of  t!ie  mountain  bore  a  gen-  tribuUuaof 
cral  resemblance  to  tlic  distribution  from  the  base  toward  the  P*'"*- 
Arctic  regions.  These  facts  by  subsequent  observers  were  generalized, 
it  having  been  establislicd  that  there  exists  an  analogy  between  horizon- 
tal di.^'tribution  on  the  surface  of  the  globe  and  vertical  distribution  at 
different  altitudes  above  tlie  level  of  the  sea.  Even  in  the  tropics,  if  a 
tnountniii  be  sufficiently  high,  a  vcrj-'  sliort  ascent  snfHcea  to  carrv  us 
firom  tlie  characteristic  endogenous  growllxs  at  its  foot,  in  succession, 
through  a  zone  of  evergreens  iuto  one  of  deciduous  trees,  and  this,  ncrain, 
into  one  of  conifers,  the  vegetation  declining  through  mosses  and  lichens 
aa  we  reach  the  region  of  perpetual  snow. 

In  tliesc  two  cases  of  horizontal  and  vertical  distribution  respectively, 
which  thus  present  such  a  striking  botanical  resemblance,  pistribmion 
there  is  hkewise  so  clear  a  metcorolocical  analocy  tliat  it  is  ofbe«td«Brm- 
itnpossible  to  avoid  commg  to  the  conclusion  that  the  dis-  bationor 
tribution  of  plants  depends  on  tiie  distribution  of  heat  Tlic  P^'*- 
same  climate  variation  encountered  on  a  surface  journey  directed  from 
the  equator  toward  the  poles  is  again  encountered  as  wc  leave  tlic  foot 
of  a  tropical  mountain  and  go  toward  its  summit ;  for  it  is  a  wcU-osccr- 
tained  tact  tliat  the  temjKraturc  of  tlic  atmosphere  declinca  as  wc  rise  to 
greater  altitudes,  and  tlmt,  no  matter  how  high  the  summer  heat  may  be, 
we  may,  1^  a  vertical  ascent  at  any  locality,  come  to  a  region  where 
the  temperature  is  never  above  32°  Fahr.,  and  where  ice  and  snow,  titero- 
forB,  never  melt.  If,  in  any  locality,  the  mountain  ranges  arc  of  sufiicicnt 
heiglit  to  gain  that  region,  their  tops  will  bo  covered  with  perpetual 
snow.  The  vertical  ascent  tlms  to  be  made  is  less  as  the  latitude  is 
greater.  At  the  equator  it  is  15,200  feet,  and  at  the  eightieth  degree  it 
is  witliin  4.')0  feet  of  the  ground.  Deyond  this,  the  surface  itself  is  per- 
petually frozen. 

The  mcaji  temperature  of  a  place  determines  its  vegetable  growth,  and 
benoo  there  will  ever  be  a  resemblance  between  the  vegetation  of  places 
of  the  same  mean  temperature,  though  they  may  be  gc<^aphicaily  very 
wide  apart.  But  this,  thougli  a  resemblance,  is  very  far  from  txiing  an 
identity.  We  can  not  always  designate  by  name  the  particular  plants  of 
a  high  latitude  which  should  lx»  fuuiid  at  a  corresponding  elevalion  in  tlie 
mountains  of  the  tropica.  There  may  be  the  general  resemblance  of 
which  we  have  been  speaking,  and  yet  the  genera  and  species  of  plants 
in  the  two  places  may  be  quite  distinct.  But  this  fact,  far  from  atfccting 
the  truth  to  which  wo  Iiave  arrived  of  tiic  control  of  a  pliysical  agent 
sncb  as  heat  over  the  distribution  of  plants,  leads  us  to  ex-  |nfl„npc^^ 
lend  it,  and  teaches  us  that,  thoi^U  we  might  expect,  in  other  phyiiol 
places  far  apart,  identically  tlie  same  vegetable  growths  if  """^'"'**»^ 
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all  the  physical  conditions  were  identical,  yet,  since  heat  ia  only  one  of 
these  conditionSf  it  alone  is  insufficient,  and  that  dittercnces  in  the  jttess- 
UTO  of  tlio  air,  the  amount  of  nioisturo,  the  quantity  of  carbonic  oddi  u 
also  variations  in  the  constitution  of  the  soilf  must  have  their  effect.  lo- 
steadi  then,  of  limiting  our  views  to  the  control  of  temperature  over  tin 
occorrencc  of  plants,  wc  must  cnlai^c  them  in  sucli  a  way  as  to  include 
divers  other  influences,  some  of  which  are  those  just  mentioned,  and  all 
arc  equally  of  a  physical  kind. 

This  tlicrcfore  brings  before  us,  in  an  Impressive  manner,  the  subject  to 
T?hich  this  chapter  is  devoted,  the  influence  of  physical  agents  gcnenil; 
over  organization- 

That  iJie  conditions  of  temperature  alone  are  insufficient  to  accoontfoi 
the  occurrence  and  distribution  of  plants  may  be  clearly  established  hy 
the  aid  of  another  scries  of  facts.  Tliroughout  the  old  continent,  intli 
the  exception  of  its  torrid  zone,  from  the  south  of  Africa  to  the  north  d 
Enropc,  heaths  abound,  their  species  being  very  numerous  in  the  soutb- 
em  latitudes,  less  so  in  the  northern,  but  the  indiWduaLs  increasing  in 
number  as  the  species  diminiali.  At  ttic  extreme  north  the  common 
heather  remains  as  the  sole  representative  of  the  whole  group,  and  M 
universally  covers  the  surface  as  to  give  a  characteristic  feature  to  ttie 
iandftcape.  But  in  America,  which  reaches  tlirougti  all  correspoodii^ 
degrees  of  latitude,  and  has  in  Its  proper  localities  the  same  mean  teoi* 
peratures,  not  a  single  heath  ever  occurs.  Again,  in  the  New  Warfd, 
through  forty  degrees  on  each  &ide  of  the  equator,  the  cactus  tribe  of  ill 
kinds  of  grotesque  forma  abounds,  but  in  jUrica,  though  there  are  local* 
ities  of  corrc3]x)nding  lenipcruturc,  not  a  single  cactus  is  to  be  seen.  Tbe 
spurges  there  make  their  appearance  80,  again,  in  Australia,  the  forests 
present  a  melancholy  and  sluddcss  character  from  their  Icaflcas  ccsoin- 
nas,  acacias,  and  eucalypti,  whereas,  if  temperature  atone  wei-e  concefS' 
ed,  they  should  ofler  tlic  same  aspect  as  the  forests  of  North  Aroeria 
ond  £uro]M:. 

Restricting  our  examination  for  the  present  to  the  influence  of  lie*i,it 
InflaenM  of  may  be  observed  that  tins  is  by  no  means  so  simple  as  miglit 
tettUnndwin-  ^^  ^^^^  appear.  Its  distribution  does  not  correspond  with 
tsTNlds.  the  latitude,  the  lines  of  equal  mean  temperature,  isotberuu 

lines,  not  coinciding  with  the  parallels  of  latitude  If  we  examine  i1j« 
zones  of  plant  distribution  just  descriljcd,  wc  tind  that  they  follow  ill* 
isothermal  lines  much  moro  closely  than  tlio  latitudes ;  but  even  litfft 
again,  tlicrc  arc  very  great  deviations — deviations  which,  however,  are  to 
some  extent  understood  wlicn  we  recall  tlmt  it  is  not  so  much  wiihtlie 
mean  annual  temperature  that  plants  are  concerned  as  with  the  spcciftl 
temperature  of  particular  moments  of  the  year.  For  the  most  part  tbey 
fljic  otYcci&l  by  the  heat  of  the  aummer  season,  which  is  (heir 
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Flh,  and  though  two  localities  may  have  tlie  same  ineon  anDual  tcm- 
ttiire,  it  does  not  follow  that  their  inaxiniuin  cf  coM  lor  tlic  winter, 
and  their  maximum  of  heat  for  tlie  Hummer,  should  eoincijc.  It  was 
I'such  considerations  that  led  to  the  constructioD  of  isotheral  lines,  or  those 
'of  cqnal  summer  heat,  and  isochimenal  lines,  or  tliosc  of  equal  winter 
icold. 

I  Into  the  causes  which  bring  about  this  difference  of  heat  distribution 
it  id  not  necessary  for  us  lierc  to  inquire  minutely.  Tliey  Cunft  of  ih* 
larc  very  various.  The  prevalent  winds  at  ditiercnt  seasons  J^Son  of *^ 
|of  the  year,  ocean  currents,  the  geological  structure  of  a  coun-  *»°*'- 
Itry,  even  what  might  he  termed  its  optical  qualities,  that  is,  its  power  of 
Wbsorhing  the  rays  of  the  sun  (for  instance,  tJie  gn*at  Desert  of  Sahara 
|disturbs  the  temperature  of  all  Kurope),  and  upon  like  principles  must 
lact  the  removal  of  extensive  forests,  and  their  substitution  by  equivalent 
surfaces  of  cultivated,  differently  colored,  and  differently  absorbing  lands, 
lelevation  above  the  sea  level,  for  the  higlicr  the  country  the  lower  its 
Hempcraturc :  these,  and  a  multitude  of  other  such  conditions,  impress 
to  effect  upon  the  distribution  of  heat.  Tlie  mean  annual  temperature 
[represents  these  and  all  other  such  influences,  and  includes  all  tlte  varia- 
llions,  diurnal  and  nocturnal,  monthly  and  seasonal,  for  the  year. 
I  Tlie  organic  functions  of  a  plant  demand  particular  temperatures  at 
l|»ulicular  times.  Thrrc  is,  doubtless,  a  special  degree  best  suited  to  the 
l^teriod  of  germination,  another  to  the  period  of  aerial  growth,  another  to 
ithc  period  of  fertilization,  and  anotlior  to  that  of  ripening  tlic  seeds  ;  and 
itlieso  degrees  difler  in  the  case  of  different  plants.  Where  the  rcquirc- 
[inents  become  so  complicated,  it  would  be  erroneous  to  expect  that  the 
tmean  annual  temperature  should  satisfy  them  all, 
'  Connected  in  part  with  temperature,  and  in  part  with  elevation  above 
Ithc  sea,  arc  the  variations  in  the  density  of  the  air.  These  infliMnecofra- 
control.  to  a  certain  extent,  the  aerial  sui>plv  to  I'lants,  tlie  ""'«"i»  ^  **• 

,  ,     .     ,  ,...,!•  \        ,         .         dciiWlv  of  iho 

quantity  presented  to  tiicir  leaves  uimmishmg  as  tlic  density  air— moUtim, 
liecome-i  less.  •*"• 

^  The  same  observation  may  he  made  respecting  moisture-,  which,  as  is 
^ery  well  known,  constitutes  one  of  the  most  influential  conditions  in  de- 
[lenniDing  tbe  growth  of  plants,  and  this  in  a  double  way,  either  as  va- 
ijjor  contained  in  the  air  or  as  rain.  The  effect  of  rain  in  tliis  respect  is 
twofold:  it  diminishes  the  quantity  of  atmospheric  carbonic  acid  by 
lexcrting  over  it  a  solvent  power,  carrjing  it  into  the  ground,  and  thereby 
reducing,  by  sometimes  as  much  as  one  half,  the  supply  on  which  the 
iJeaves  are  depending;  it  also  brings  in  larger  quantities  to  the  interior 
'of  the  plant  the  saline  constituents  of  tlie  soil  which  arc  requisite  for  tis- 
sue devcJopmcnt. 
I     To  variations  in  the  temperature,  tlio  density  of  the  air,  and  its  moiatr 
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loBucnce  of  «rCi  *»  affecting  the  well-being  of  plants^  may  bo  added  the 
U»e  toil.        chemical  constituliou  of  the  soil  upon  which  they  grow.     Lime- 
plants  can  never  l)C  developed  except  on  soils  in  which  tlml  earth  abund- 
antly occurs,  and  tlio  same  may  be  said  of  potash  or  aoda  plant?,  or,  in 
sliort,  of  any  which  demand  some  Bpccial  mineral  ingredient.     Thus,  for 
instance,  the  salsolas  and  saliconiias,  which  grow  abundantly  on  the  At- 
lantic shores  of  Kranco,  and  which  require  for  tlicir  dcrelopmcnt  the 
saline  ingredients  of  the  sea,  arc  nowhere  to  he  Eccn  throughout  Central 
Europe,  though  they  reappear  on  the  salt  stepped  of  Uussia,  and  abound 
around  the  Caspian*     We  should  scarcely  ex{>ect  that  Bca-wccds,  into 
tite  composition  of  which  bromine  and  iodine  abundantly  enter,  sliouid 
ever  grow  in  waters  from  which  these  chemical,  elements  are  totally  ob- 
Bcnt-     Upon  these  principles,  the  v<^tation  of  extensive  tracts  of  cotm- 
try  has  uiidenronc  a  change  lu  an  artiticiol  way.     Thus,  for  instance,  io 
Virginia  and  otiicr  Southern  States,  wo  may  pass  for  miles  in  succession 
tluough  tracts  in  which  tite  ancient  forest-growths  ha^'e  been  replaced 
by  the  Finns  tada,  or  old  field  pine.     These  are  tracts  from  which  ilie 
pola-^h  salts  have  been  removed,  to  a  great  extent,  by  the  culture  cf  to- 
bacco.   And  of  the  indigenous  trees,  tliis  pine  requires  the  smallest  {uo- 
portion  of  those  salts.     It  therefore  can  fiouiish  where  the  others  cin 
not  exist. 

From  what  has  been  said  In  tlie  last  cluipter,  it  may  be  inferred  thst 
I.i«tn^roof  among  the  various  conditions  thus  influencing  the  growth  ot' 
th«  iun'slifiht,  ^  plant,  none  are  of  greater  importance  tliau  the  amount  of 
light  furnished  to  it.  Through  this  agent  the  decomposition  of  caihoinc 
acid  is  effected,  and  tlie  plant  obtains  from  the  air  the  car)jon  it  requires, 
out  of  which  its  solid  structures  are  for  the  most  part  built.  The  rapid- 
ity with  whlcli  tlio  reduction  of  tlic  carbonic'  acid  takes  place  depends 
upon  tlic  brilliancy  of  the  light,  and  the  amount  of  carbon  thus  obtained 
upon  that  condition  and  tlie  time  of  exposure  conjointly.  The  amount  of 
light  recdved  from  tite  sun  in  any  locality  depends  in  a  general  way,  u 
does  the  heat, upon  the  latitude;  but  in  both  cases  a  multitude  of  diMurb- 
ing  agencies  intcn'ene.  Variations  of  moisture  control  the  supply  of  hgbt 
by  permitting  a  translnccncy,  or  establishing  its  opposite,  a  cloudiness  or 
murl(iuess  of  the  air.  Other  meteorological  causes,  as,  for  example,  winds, 
by  condensing  or  removing  moisture,  act  in  hke  manner;  so  also  do  as- 
lofluenw  of  tronomjcal  conditions,  esjjecially  by  inHucncing  the  rclatifs 
iiift  |»M{ti<>n  of  Icnsth  of  the  day  and  niebt ;  for,  as  wo  advance  toward  the 

the  Min  mill  °  •^  .1  I       I       •  «  11 

IvnKtb  of  tlie  pole,  thc  summer  sun  is  above  the  horizon  longer  and  longer. 
*v-  In  Northern  Knropc,  during  the  niontli  of  June,  ho  never  sets, 

but  remains  all  night,  if  ni^it  it  can  bo  called,  above  the  horizon ;  and^ 
as  BtTzeJius  well  remarks,  "Under  the  influence  of  this  midnight  sun  of 
the  Northt  iJie  life  of  platila  x>uaa  through  thc  same  cycle  of  change  in 
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sue  ^ecks  irhicli  it  takes  four  or  five  montlia  to  occomplisli  in  beautiful 
Italy." 

Attempts  havo  been  made  to  establish  the  doctrine  that  every  plant 
requires,  from  the  time  of  its  gcnninatiuii  to  the  cloee  of  its  Definite  qtun- 
oigantc  activity,  a  definite  amount  of  heat.  The  following  '^j^i  ^^'  "*" 
example,  in  tJio  caao  of  barley,  is  furnished  by  Schleidcn.  i*Iaiitj. 
"In  Kgypt,  on  the  banks  of  the  Nile,  barley  is  sown  at  the  end  of  No- 
vember, and  harvested  at  the  end  of  February  ;  the  period  of  vegetation, 
therefore,  amounts  to  about  90  days,  mid  the  mean  teinjierature  of  (his 
seAson  is  69°  46'.  In  Tuqacres,  near  to  Cumbnl,  under  t!ie  equator,  tlie 
time  of  sowinji^  in  the  mountains  for  barley  is  about  the  1st  of  June,  the 
time  of  han'est  the  middle  of  November ;  the  mean  tem]}crnture  of  this 
v^etating  season  of  1G8  days  is  S0°  12'.  At  Santa  Fe  de  Bogotd  they 
numlKn*  122  days  between  seed-time  and  liarvcst,  witli  a  mea,n  tenqiora- 
tore  of  51^  24'.  If,  now,  the  number  of  days  is  multiplied  by  the  tigurcs 
of  the  mean  temperature,  we  obtain  6282  for  Egypt,  8433J5  for  Tuque- 
res,  for  Santa  F6  6489*8  j  therefore  as  nearly  the  same  number  as  the 
uncertainty  in  the  estimate  of  the  days,  tlic  accnratc  mean  temperature, 
and  the  want  of  knowledge  whether  or  not  the  same  kind  of  l«ulcy  is 
coltivated  in  all  the  places,  will  allow  us  to  expect.  Similar  results  are 
obtained  for  wheat,  maize,  the  potato,  and  other  cultivated  i)Iant3.  AVe 
may  express  these  results  tlius:  Kvery  cultivated  plant  requires  a  cer- 
tain quantity  of  heat  for  its  development,  but  it  is  tho  same  thing  whctli- 
tx  this  heat  is  distributed  over  a  shorter  or  longer  space  of  time,  so  tliat 
certain  limits  are  not  exceeded ;  for  where  the  mean  temperattire  sinks  be- 
low 36°  24%  or  where  it  rises  above  7 1*'  36',  barley  will  no  longer  ripen. 
Consequently,  to  define  accurately  the  conditions  of  temjicratiire  which  a 
plant  recjuires  to  maintain  it  in  a  flourishing  condition,  we  must  sLfite 
within  wlmt  limits  its  period  of  vegetation  may  vory,  and  what  quantity 
of  heal  it  requires.  This  most  remarkable  circumstance  was  first  ob- 
served by  lionssingault,  but,  unfortunately,  we  as  yet  possess  not  nearly 
•nffidently  accurate  accounts  of  the  conditions  of  culture  in  the  vaiious 
legions  of  the  earth  to  enable  us  to  follow  out  this  ingenious  view  in  oil 
its  details/' 

ficflpccting  the  calculations  offered  in  the  preceding  paragrapli,  the  re- 
mark may  be  made  that  they  contain  an  element  which  vi-  -nj^  ^fc,^  ^f 
tiatcs  their  correctness,  and  that,  if  the  proper  data  were  re-  »•«  iuuuMty 
sorted  to,  the  general  principle  intended  to  be  demonstrated  of  heat  touw'd- 
would  be  for  more  cic^irly  established.  The  degrees  of  the  *'^- 
thonuometer  aro  not  the  data  required,  for  that  instrument  indicates  the 
iutansity,  but  not  the  quantity  of  heat  If  some  form  of  calorimeter  were 
substituted  for  it,  the  result  would  turn  out  very  differently.  As  an  illus- 
tration, if  a  mass  of  ice  of  constant  surfaro  was  exposed  to  the  watuuU  uv 


* 


each  of  lliese  variooa  cascs^  the  quantity  of  water  ariaiiig  from  its  mflt- 
iiig  should  be  tlie  »anie  at  the  close  of  the  pjwcitietl  nuiiil)er  of  days.  In 
this  com;  the  true  clement  is  introduced — tlie  element  of  quantity,  ns  de- 
tciroincd  by  one  of  the  ordinary  calorinictric  methods. 

It  is  not,  however,  to  be  inferred  from  this  criticism  that  the  pecnliii 
quality  of  heat  which  we  recognize  indifferently  by  the  terms  intensity, 
temperature,  or  degree,  is  without  signilicance  in  the  case  of  plants:  the 
limiting  maxima  and  minima  between  wliich  a  given  plant  can  ciis: 
prove  that  botli  conditions  exert  an  influence,  thougli  they  exert  it  in  i 
dilTercnt  way.  Doubtless  a  plant,  from  tiic  time  of  its  germination  to 
that  of  the  completion  of  its  organic  life,  must  have  a  dctinite  quantity 
of  heat  measured  out  to  it,  but  its  organic  functions  might  be  fatally  in- 
terfered with  if  the  temperature  should  rise  above  a  limiting  maximam, 
or  sink  beneath  a  minimum. 

The  dctinite  quantity  of  heat  in  this  manner  demanded  by  each  plant 
is  probably  connected  witli  a  purely  mechanical  efiect — ^ihc  ncccssty  h 
the  evaporation  of  a  definite  quantity  of  water  by  the  leaves.  The  in(n^ 
gauic  salt  substances  rcipiired  by  every  plant  arc  introduced  througli  its 
roots  in  a  state  of  solution  in  water,  and,  since  these  salts  arc  mostly  of 
Bpnring  solubility,  a  great  quantity  of  water  is  re<]uired  to  accom}^ 
the  object,  ^ievprthclcss,  they  arc  dissolved  at  a  given  hcat-dcgree  in 
an  invariable  proj>ortion  in  the  liquid,  and  are  required  by  the  plant  in& 
determinate  proportion  as  compared  with  its  mass;  bo  that,  were  there 
no  other  reason,  this  doubtless  woidd  be  sufficient  to  account  for  tbe  c^^ 
cutristance  under  consideration.  i^H 

It  should  also  be  remembered  that  every  plant  generates  a  certain 
DlrtnriMuica  amount  of  heat,  which  varies  with  its  organic  condition  at  llic 
"Wngfroin  time.  The  experiments  of  Professor  Paine  present  this  in  an 
tniiuritfMt  interesting  point  of  view.  The  following  extract  is  from  the 
ittploau.       3Icdical  and  Physiological  Commentaries,  vol.  iL,  p.  75:      ^^ 

"On  the  9th  of  April,  1839,  we  repaired  to  a  forest  in  New  Jcr^lH 
Prtif.  Vniw'i  provided  with  very  delicate  thermomctcps,  of  Fahrenheit^ 
cxjicrioicuta.  sc;ile,  constructed  for  our  object.  The  bulbs  were  no  larger 
than  the  stem,  the  range  of  the  mercury  cxtensiw,  and  the  degrees 
marked  u]>on  the  glass.  The  stems  tilled  exactly  the  bore  of  a  small 
spiral  auger,  and  when  the  glnss  was  introduced  the  air  was  excluded  by 
applying  a  silk  haiidkercliief  around  the  hole.  The  perforations  were  all 
made  on  the  northern  side  of  the  trcea.  Fifteen  minutes,  at  least,  weie 
allowed  for  the  subsidence  of  the  heat  that  arose  from  the  friction  of  the 
perforator,  and  the  thermometer  was  generally  reapplied  at  different  in- 
tervals aftcr^vard.  The  perfomtions  were  mode  about  four  feet  above  the 
ground,  and  the  diameters  of  the  frees  were  ascertained  at  tins  point. 
When  (he  diameter  \?aa  fwc  u\eWa  or  moce,  tbe  perforations  were  ma 
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tlie  depth  of  two  aud  a  half  inches.  When  the  diameter  was  less  tlian 
five  inches,  the  thermometer  was  introduced  as  far  as  the  centre  of  the 
troc" 

■  Of  tlic  tables  given  hy  IVofessor  Paine  I  select  the  following : 
"Range  of  thermometer  m  tlic  shade  during  the  observations,  which 

Izuttcd  six  hours,  from  38°  to  52°  :  near  freezing  at  sunrise. 

■  "A  dead  upright  dry  tree  w^as  selected  as  a  standard  of  comparison. 

Itfl  diameter  was  twelve  inclies.     The  temperature  of  this  tree,  at  tho 

close  of  oar  observations,  was  45°  at  the  centre  and  in  all  other  parts. 

dinmetcr  10    tDcfacs,  AS"  Bails  slightly  enlarging. 
6        '*       40^  do. 

iO'^  Buds  swclliDg. 
49''  No  budding. 
SO*  do. 

51'  Flowering. 
53^  Buda  unfuldcd. 


do.  do. 

Fagus  ^Ivaticn, 
Quenrus  tinrturia, 
Castnncn  Amoricnns, 
Belola  nii^ni, 
Satix  Oubytoitica, 

d(i.         du. 
Pimis  Canadetiiiiii, 
rUtanu  Ocddoaulis, 

do.  do. 

do.  do. 

Jnm(K;nui  Vipniann, 
BobiaU  pModocAcis, 
Popoiiu  liDvigaia, 


do. 

do. 
do. 
do. 

do. 


do. 
du. 
do. 
do. 

do. 


10 

7 
13 

4 
IS 
16 
IS 
t« 

G 

4 

4 

8 

4 

4 

3 

8 

2 

a 


do. 

yolraddiag. 
do. 
do. 


The  heat  which  is  thus  Hberalc<l  by  plants  stands  in  tlic  stead  of  a 
certain  amount  of  atmospheric  heat,  and  therefore  complicates  the  preced- 
ing considerations. 

■  Uy  such  facts  as  tliose  Avhich  have  now  been  presented,  wc  may  bo 
satisfied  that  the  well-being  of  plants  is  aflcctcd,  and  even  A«uni|ili»i»- 
thcirc-xiatcucc  dctemiincd  by  the  influence  of  external  agcnt.s,  "i'*,'^'i^,'t[!I'^ 

I  and  thatf  in  this  maimer,  tliey  are  capable  of  having  changes  civa  of  pUnu. 
imprcsiied  upon  them  even  in  an  axtiticial  way.  If  we  furnish  to  them 
those  materials  or  conditions  which  their  circumstances  require,  they  will 

■  grow  w^ith  lujturiance,  or  under  an  opposite  state  of  things  will  dwarf 
away  ;  and  wlicrc,  for  a  long  period  of  time,  snch  conditions  arc  iinjtosed 
upon  successive  generations  of  them,  a  permanent  change  may  be  effect- 
ed, those  which  have  api>earcd  as  varieties  assuming  the  more  definite 
form  and  |>crsistency  of  8ub-8i>ecie.'».     Tlie  general  impression  alluded  to 

tin  tlie  last  chapter,  that  such  peculiarities  are  ordy  to  be  extended  by 
budding  or  other  equivalent  ojierations,  and  tiiat  those  which  we  regard 
as  different  individuals  arc  tnily  fragments  or  parts  of  tho  same  individ* 
naU  does  not  here  properly  apply.     A  like  propagation  of  peculiarity  is. 
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in  a  multitade  of  instances,  accotnplislied  by  tlie  use  of  see<ls,  and  tlik 
precisely  in  the  instance  in  which  we  should  be  led  to  expect  it.  Of 
our  kitchen-garden  plants,  the  carrot,  the  beet,  the  turnip,  the  cabbage,  the 
pen,  etc.,  we  propagate  the  expected  kind  without  any  uncertainty  by  the 
use  of  sectU,  never  supposing  tliat  they  will  run  back  to  the  wild  stock, 
or  ^ve  origin  to  plants  ditferent  to  tlioso  from  which  they  were  derivcA 
Tho  care  of  man,  exerted  for  many  years  upon  these  vegetables,  has,  tben, 
impressed  upon  tlicm  a  change  vcrj'  far  from  ephemeral  in  its  nature,  and 
enabled  them  to  pass  from  the  condition  of  mere  varieties  into  that  of 
actual  sub-species. 

Acknowledging,  thcrcfora,  the  inducnco  which  physical  agents  e:cert  or 
Keceuity  of  the  gTowtli  and  development  of  plants,  and  admitting  thtt 
time  rurlbfto^-  ^"*^0""S  circumstauccs  will  bring  on  a  modification  of  fonn. 
ing  pUnu.  especially  if  appbcd  long  enough,  and  titat  man  himself,  1]/ 
bis  arts  of  culture,  can,  without  ditiiculty,  establish  similar  variations, ve 
might  be  led  to  expect  tliat  more  profound  changes  in  external  orcoDh 
stances,  if  stemlily  applied  through  extended  periods  of  time,  wocdtl  gin 
ori^n  to  more  striking  results.  A  variation  in  ttic  constitution  of  the  air. 
in  the  brilliancy  of  light,  in  tho  mean  tcm{>cratarc,  moisture,  or  chemical 
conMitution  of  thu  soil,  if  kept  up  for  thousands  of  yenrt,  or  permanent- 
ly cstablisiicd,  could  not  fail  to  exert  a  prodigious  effect  upon  tlic  whob 
vegetable  world.  If,  for  example,  the  brilliancy  of  the  sun  in  the  alov 
Inpsc  of  centuries  should  gradually  decline,  or  the  mean  temperatutB  o^ 
the  surface  of  the  earth  should  descend,  or  cnonuous  quantities  of  ax- 
bonic  acid  bo  permanently  removed  from  the  air  and  replaced  by  equiva- 
lent volumes  of  oxygen  gas ;  if  carbonate  of  lime,  to  an  extent  sufticicot 
for  the  formation  of  geological  strata,  were  removed  trom  the  waters,  in 
which  it  could  no  longer  be  held  in  solution  because  of  the  withdratnl 
of  carbonic  acid  from  the  atmosphere,  it  must  follow,  as  a  matter  of  inev- 
itable ncces.^ity,  that  tlio  whole  vegetable  world  would  feel  tho  cluuii^ 
Pknts  that  at  one  time  existed  could  exist  no  more ;  others,  by  grado- 
ally  accommodating  themselves  to  the  slow  revolution,  would  cxltibK 
here  t!ie  development  of  one  part,  there  tho  devcIoj)ment  of  another,  awl 
some,  which  pcrhops  maintain  themselves  with  difficulty  under  tlie  old 
state  of  tilings,  would  now  begin  to  develop  themselves  in  a  more  luxu* 
riant  way. 

Tho  changes  here  spoken  of  hypothctically  have,  however,  actaaily  oc^ 
SeniiapilianRM  cu^cd  J"  the  history  of  tho  earth.  We  can  not  ahtit  oor 
oeeurlnff  to  ihe  eyes  to  the  corresponding  march  which  vegetation  has  madft 
•ioBiaff  T»ria-  commencing  in  the  earliest  geological  times  with  tlic  slca- 
UoDs  in  plants.  ]eAa  cryptogamia,  followed  by  those  provided  with  s(eB» 
and  leaves,  the  gymnospore?,  such  as  the  conifers  and  cycadeii',  next 
uiaking  their  appeara&ce,  after  lUc&e,  monocotyledons,  and  at  last 


dicotyledons — a  steady  progression  from  those  which  we  may  term  of  a 
blower  to  tiiosc  of  a  more  elevated  organization,  and  all  this  was  produced 
by  the  intluencc  of  physical  agents. 
r    On  fio  ftrm  a  footuij^  roay  we  regard  this  doctrine  as  now  placed,  that 

wc  can  use  it  for  the  i>urTx)se  of  determinins  from  the  ascer-   .    ,.    .•      * 

•       I         ^  o  _  Application  of 

loined  botanical  condition  of  our  planet  at  any  period  the  tiiMcprineipioa 
physical  conditions  under  which  she  then  existed,  and  tins  "*^'''*^J'' 
with  a  precision  constantly  becoming  (greater.  Among  the  more  impor- 
tant facts  wliich  have  been  distinctly  made  out,  a  few  may  be  cited  as 
illoatrations  of  the  subject  now  treated  of.  For  example,  Ist.  The  ex- 
istence of  a  tropical  cLimate  in  regions  of  very  high  latitude,  as  is  proved 
hy  the  occurrence  of  fossil  tropical  plants  therein ;  2d.  That  all  over  tlie 
globe  the  temperature  was  once  neaily  uniform,  nothing  answering  to 
What  we  now  term  cliraatea  existing,  as  is  proved  by  the  uniformity  of 
ithc  vegetable  growths  preserved  as  coal  from  the  equator  to  near  the  {>oIar 
circles — great  arborescent  cryptogamia,  exceeding  in  sine  the  arborescent 
ferns  now  growing  in  the  Pacitic  islands  under  the  equinoctial  line. 
From  such  a  botanical  fact,  wc  reason  witliout  error  to  the  sacreMaonof 
ooncltision  that  in  those  times  the  intluencc  of  the  sun,  so  cUmatcB  on  th« 
fiir  as  the  supply  of  heat  was  conccnied,  most  have  been  incd  from  iu 
•rhoHy  ovei-ptjwured,  the  intrinsic  temperature  of  the  planet  f"*"^*^**"' 
obliterating  all  climate  subdivisions.  3d.  That  tlicsc  climate  subdivis- 
ions, which  arc  now  presented  as  existing  side  by  side  in  zones  upon  the 
pbnet,  were  introduced  for  each  latitude  in  an  order  of  succession  as  to 
time;  that  even  tlie  frigid  zone,  by  reason  of  tlie  cooling  of  the  earth, 
passed  through  an  ultra-tropical,  a  tropical,  and  a  temperate  degree 

beat  to  reach  its  present  state ;  4th.  That  the  extinction  of  the  did 
table  forms  was  accomplished  by  an  inability  of  those  organisms  to 

intain  themselves  in  the  physical  revolution  that  was  gradually  taking 
place.  Among  such  may  be  mentioned  the  dying  out  of  gigantic  equi- 
setums  or  liorsetails  twenty  feet  high,  club  mosses  rivaling  forest  trees, 
)Galainitcs  and  stigmarias,  these,  as  they  disappeared,  being  replaced  by 
cycadacca',  and  conifcne,  and  tree-like  liliacca;.  Kven  long  after  the  de- 
posit of  the  coal  there  flourished  in  England  innujncrablc  i:ialms,  whicli 
maintained  themselves,  with  their  tropical  associates,  into  the  tertiary 
times. 

Among  the  physical  events  which  geological  researches  disclose,  there 
arc  two  of  surpassing  importance  in  the  history  of  the  globe,  ^^^  j^^  j^^ 
and  both  of  them  immediately  connected  with  the  doctrine  the  hiMor>'o' 
\re  have  under  discission ;  these  arc  the  change  impressed  "  ^  ° 
on  the  atmosphere  by  the  withdrawal  firom  it  of  those  enormous  masses 
«f  carbon  deposited  under  the  diiVercnt  fonns  of  eoni,  and  tlie  localiza- 
"tion  of  plants  and  aniiuals  iu  climate  distribution  as  tlie  sun's  rays  be- 
ll U 
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gan  to  assert  thwr  inflaence  through  the  lowering  of  the  surface  temper* 
Clwofre  In  th«  ature  of  the  globe.  The  tirst  of  these  e\-eut3  was  not  ulooe 
tbTItm^"  "  limited  in  its  cflect  to  n  disturbance  of  the  organic  funcliou 
pben.  of  plants  by  diminishing  the  amount  of  gaseous  material  fioa 

which  Ihcy  gathered  tlicir  support  in  the  air:  its  iuHucnce  was  alsofeU 
in  animul  lite  by  rendering  that  possible  which  was  not  possible  bdbn 
— the  existence  of  the  quickly-rcspiriiig  and  hot-blooded  tribes;  for  it  fol- 
lows as  A  clieniicol  necessity  that,  under  the  circumstances  of  the  ca5^ 
the  removal  of  tlic  carbonic  acid  was  attcndc<l  with  the  crolution  of  in 
equal  volume  of  oxygen  gas.  As  respects  the  influence  of  the  sun,  vbicb 
gradually  lc<l  to  the  establijslmicnt  of  climates,  tirst  iu  an  order  of  titu, 
and  then  in  an  order  of  place^  this  was  the  signal  for  the  localizadon  of 
DeOoite  locnii-  P^^^  ^^^  aniDials  in  dciinitc  regions.  From  many  cooa- 
uitiiuiuf|>Uiiis  tries  wiiich  they  had  thus  far  inhabited  they  were  now  ex- 
Mi  aniiiift  m.  p^.jjgj^  ^jj  barriers  of  tcinporaturc  placed  around  them  which 
they  could  never  again  overpass.  And  as  these  great  changea  occuneJ. 
they  were  attended  by  the  extinction  of  countless  forms  in  both  kiiy 
doms,  which  were  utterly  unable  to  maintain  themselves  in  the  new<i^ 
cumstancGS  around  them,  their  places  being  occupied  by  the  extension 
of  contemporaneous  forms,  or  by  the  appearance  of  others  that  were  whol- 
ly new. 

As  an  illustration  of  tlic  manner  in  which  a  vegetable  organism  may 
ExunnU of  ihe  ^  uscd  iu  tliis  inverse  way  for  the  determination  of  physic- 
invtrM  miKhod  al  conditions^  I  may  introduce  the  following  quotation  iroca 

"  Schlciden :   **  The  gradual  conversion  of  tl»e  universal  trop- 

ical climate  into  the  present  ciiraatal  zones  may  bo  showit  in  uiothei 
very'  interesting  manner  in  qnite  a  special  instance.  All  ligneous  trosks 
of  coniferous  trees  continually  increase  in  tliickncss  at  all  parts  of  tittir 
circuuiforencc*  In  the  equatorial  regions,  where  the  climate  retains  ti« 
same  character  imintcrruptedly  throughout  the  year,  this  thickening  of 
the  trunk  proceeds  without  interruption  and  homogeneously;  no  uiark 
hetrays,  in  a  smooth*  transverse  section  of  the  stem,  the  time  which  ms 
required  for  its  fonhation.  As  we  proceed  toward  the  north,  howc^tr. 
as  the  cUmatal  conditions  produce  continually-increasing  diversity  in  tk 
particular  seasons,  the  corresponding  growth  in  thickness  shows  itself  to 
liave  lx?eii  furthered  by  the  favorable  season,  and  restrained  or  altogtllitf 
intemiptwl  by  the  unpropitious  times.  In  n  cross  section  of  a  ntcm  «« 
Been,  the  higher  the  latitude  in  which  it  has  grown,  the  greater  di&s- 
ences  in  the  structure  of  the  successive  j»ortioti8  of  the  wood,  until  iiul* 
ly,  in  the  latitudes  wiicro  there  is  a  severe  alternation  of  nnntcr  and  sum- 
mer, so  striking  becomes  the  difference  between  tlie  wood  last  formed  in 
summer  and  that  first  produced  in  the  next  spring,  that  we  may  coonT, 
in  the  number  of  annular  tnaiWa  Urns  produced  in  a  ctobs  section,  with 
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great  ccrtfunty  and  accuracy,  tlio  number  of  yeara  which  have  been  oc- 
cupied in  the  formation  of  the  trunk.     The  circular  lines  npon  tlic  cross 
section,  well  known  to  every  forester,  arc  thence  called  nnnnal  rings. 
■When,  fortified  with  the  knowledge  of  this  fact,  wc  compare  with  each 
other  the  trunks  of  the  conifers  which  we  obtain  frora  the  various  ejjochs 
of  formation,  we  find  that  the  oldest  remains  exhibit  no  trace  whatever 
lof  annual  rings,  but,  in  the  course  of  time,  they  become  continually  more 
[detincd,  so  that  lastly^  in  the  most  recent  formations — for  instance,  in  the 
lappcr  brown  coal — ihey  appear  marked  just  as  distinctly  as  in  the  trees 
liiuw  living  in  the  same  localities." 

In  speaking  of  artificial  changes  impressed  by  culture  upon  domestic 
phtnts  which  have  been  converted  from  varieties  into  sub-  i>ifr,.rtiicft  i»- 
criej,  the  importance  of  the  element  of  time  was  insisted  "*^'^''  "^-^pt 
In  tiie  same  manner,  in  the  changes  which  Jiavo  oc-  iinprc»*icn» on 
during  geological  perioda,  the  successive  replacement  P^*"'"- 
of  one  class  of  vegetable  forms  by  another,  that  element  again  obtrudes 
it-self  upon  our  notice.  If  a  few  years  sen'e  to  establish  such  minor 
changes  as  the  fwrpetuation  of  varieties  into  sub-species,  what  should  be 
expected  from  the  enduring  influence  of  innumerable  centuries?  Jlore- 
ovcr,  in  these  artificial  rciiulta  there  is  a  necessary  abruptness  in  the  appli- 
cation of  the  disturbance,  which  can  not  but  exert  an  unfavorable  influ- 
ence. No  time  is  afforded  to  tlio  organism  to  suit  itself  gradually  to  the 
ibrce  cxcrtwi  upon  it,  none  for  acclimating  itself  to  the  external  variation. 
It  must  either  yield  at  once  or  perish.  But  how  different  as  respects 
the  method  of  application  in  the  case  of  tlie  organic  scries  I  If  it  be  de- 
cline of  temperature  that  wc  consider,  how  shall  we  cnnmcralc  the  suc- 
cessive centuries  that  must  have  elapsed  as  the  descx;nt  was  made  from 
degree  to  degree?  In  these  later  times,  as  is  admitted  on  all  hands,  the 
mean  tem])eratnre  of  the  surface  could  not  decUnc  the  tenth  part  of  a 
Tahrcnhoit  degree  In  tlie  lapse  of  10,000  years.  Yet  tlic  interval  has 
transpired  dturing  wliich  tlicre  has  been  a  gradual  descent  from  those 
iigh  tJiermometric  points  at  which  the  existence  of  organic  life  was  bare- 
ly possible,  and,  in  truth,  through  a  far  greater  range  than  that.  It  sig- 
nifies nothing  that  this  descent  might  have  been  more  rapid  the  higher 
the  degree ;  in  any  case,  it  implies  a  prodigious  interval  of  time.  Or,  if 
we  consider  variations  in  the  light  of  the  sun,  either  because  of  his  Iwing 
a  variable  star,  or  because  of  the  gradual  clearing  up  and  improving 
transparency  of  the  atmosphere,  wc  are  brought  again  to  the  same  re- 
sult—long periods  of  time;  for,  though  there  may  be  among  the  fixed 
stars  some  whose  periods  of  variation,  as  respects  briUiancy,  arc  short, 
included  perhaps  within  a  few  days,  or  even  hours  if  we  had  no  better 
evidence,  history  assures  that  our  son  is  not  one  of  that  quickly-varying 
group.     Or,  again,  if  we  consider  the  changes  which  have  indisputably 


ipl  8ECCL.VR  rnrsicAL  cnAxcrs. 

occurred  in  tltc  chemical  constitnlion  of  tlic  air,  the  diniination  of  iu  an- 
cient amount  of  carbonic  add,  the  redaction  of  the  mean  percentage  d 
Its  vapor  of  water,  the  inci-ease  of  its  oxygen,  tliese  again  arc  chaz^«f 
a  secular  kind,  the  time  required  for  the  accompUslunciit  of  vhich  is 
'wholly  beyond  our  Unite  comprehension.  In  such  a  gradual  adruce^ 
organisms  for  many  generations  might  i?how  but  little  cliimge,  yet,  is 
tlio  end.  the  effect  must  come  to  be  profound.  Indeed,  all  the  great  ml* 
uxal  effects  we  witness  are  accomplished  in  this  quiet  and  gradual  way: 
the  traces  of  tempests  and  oilier  catastrophes  are  very  eoou  efiaoed,  no 
matter  how  violent  the  original  commotion  may  have  been  ;  but  woiiDt^ 
and  li^ht,  and  moisture — causes  whicli  act  so  gently  that  we  might  OTCr- 
look  Ihcm — arc  the  agents  wiiich  control  the  universal  aspect  of  thingSL 
In  this,  as  in  other  n»<{)ects,  the  strong  are  always  the  silent ;  and  In  die 
8«eii]ftr  pb.T*.    ^low  lupsc  of  mnny  centuries,  by  the  gradual  operation  of 

icalchangMac-  universal  foi-ces  tJius  eently  appUed,  organic  forms  liad  m 
fpodwl  ».v  pro-  .         .  *"  ,     r      *^^        ,.    " .         ,  , 

I  4uciioit>  And     Opportunity  of  accommodating  or  acclimating  tuemselrea  to 

extiucUoii*.  iIj^j  „p^.  Btate^  or,  if  they  failed  to  do  so  tlirough  aome  waat 
of  correspondence  in  their  structure,  they  gradually  passed  away  and  Ik- 
came  extinct.  It  is  no  aigumcnt  against  the  transmutation  of  species, 
or  even  of  genera,  that  wc  have  never  witnessed  such  on  event.  We  can 
never  witness  tiio  necessary  combination  of  circumstances  which  should 
bring  it  about,  above  all,  as  regards  tlic  needful  lapse  of  lime,  the  alow 
yielding  and  accommodation  which  such  a  change  implies.  In  tiiia,u 
in  those  great  modifications  that  have  occurred  in  the  slratilication  of 
the  globe,  the  like  of  which  has  never  been  seen  in  tiic  periods  of  homui 
record,  our  want  of  familiarity  with  them  is  a  matter  of  very  httle  mo* 
ment.  The  remark  of  an  eminent  geologist  applies  with  equal  force  in 
both  cases:  "Changes  that  arc  rare  in  time  become  frequent  in  ctw* 
nity.' 

Itut  it  may  be  said  that  if  by  external  inflacnccs  the  succcaaiw  spe- 
Grodiulctunga  des  and  gcncra  in  this  manner  arose,  wc  ought  to  fiui 
prodneretfeeu  ^^^^  between  those  which  are  most  closely  allied,  inanviif 
byairoptcrucL  tcrmcdlatc  forms  ;  for,  since  the  active  causes  were  gnuloal 
in  tlieir  operation,  one  organism  should  pass  into  another  by  alow  d^ 
grces — 80  insensibly,  indeed,  that  it  would  perhaps  be  Impossible  to  iu^ 
cate  the  point  at  which  tlic  proper  transition  was  made.  8ucb  on  ex- 
pectation is,  however,  foundeil  upon  a  total  misconception  of  the  charac- 
ter of  these  progresses,  for  a  force  applied  for  thousands  of  years  maf 
show  no  effect,  but  at  last  may  manifest  itself  by  an  instant  criijiB.  Mul- 
titudes of  illustrations  might  be  furnished  of  this  principle ;  for  instanoe, 
the  motion  of  a  comet  may  be  toward  the  sun  in  a  path  whicli  is  almost 
a  straight  line  for  scores  of  centuries,  but  on  a  sudden  it  assumes  a  curn- 
linear  course,  and  accom^AUVxea  \la  ^vUvc^Uon  passage  in  perhaps  a  few 
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liooiB,  and  tlion,  rewding  from  tlmt  luminary,  takes  a  course  not  sensi- 
bly differing  from  a  straight  line,  and  occtijiving  )}«rliaps  centuries  in  ita 
accompUshtnent.  The  viirialions  of  direction  and  of  velocity  arc,  liow- 
CTCT,  the  necessary  results  of  the  conditions  under  which  its  movement 
is  taking  place,  and  may  l)e  truly  eaid  to  liavc  been  originally  included 
therein. 

This  instantaneous  or  critical  assumption  of  a  new  phase  may  aUo  bo 
iUoBtratcd  by  tlic  functions  of  organic  beings.  Thus  the  «,  , 
ftetai  mammal,  thongh  provided  with  Jungs,  a  mechanism  in  from  the  Uf« 
all  respects  ready  for  aerial  respiration,  docs  not  pass  by  "^""'' 
graduated  steps  from  placental,  wliich  is  truly  O'juntic  breathing,  but  the 
change  takes  place  on  a  Budden  at  the  moment  of  birth.  These  ond 
other  such  instances  may  therefore  mitiafy  xis  that  what  an  imperfect  in- 
duction would  lead  us  to  look  upon  as  a  departure  from  the  existing  rule, 
or  as  a  breach  of  the  law,  may,  in  reality,  be  nothing  more  than  the  im- 
mediate or  legitimate  consequence  of  it.  They  may  teach  us  that,  in 
the  natural  progrc-'»3  of  thing?,  variations  do  not  necessarily  always  take 
place  in  so  gradual  a  manner  as  to  be  undistinguishablc  from  stage  to 
stage,  but  sometimes  instantancoualy,  and,  as  it  wore,  by  a  crisis- 

Again,  this  variation  by  crises  may  be  illustrated  by  many  familiar 
mcctuintcal  contrivances.  The  case  of  the  common  seconds  M^c-hnnicai  ii. 
striking  clock  may  furnish  an  example.  Let  us  trace  the  lusirauuM. 
successive  conclusions  to  which  an  ingenious  man  uiight  have  come  at 
the  first  introduction  of  this  instrument,  his  investigation  of  it  being  sujv 
poscd  to  exclude  an  inspection  of  its  parts.  After  listening  for  a  length 
of  time  to  the  beats  of  its  pendulum,  he  would  obscn'c  that  these  suo 
ceeded  at  precisely  regular  intervals,  and  after  extending  his  examination 
through  two  or  three  thousand  of  such  occurrences,  he  would  doubtless 
feel  justified  in  coming  to  the  conchi.sion  thnt  the  construction  was  of 
gnch  a  nature  that  the  passage  of  successive  small  intervals  of  time  was 
indicated  by  tJie  occurrence  of  a  brief,  tluU  sotnul.  His  tirst  conclusion, 
therefore,  would  be,  that  the  instrument  would  go  on  doing  this  continu- 
onsl}'. 

At  the  close  of  36()0  snch  obsei-vations,  when  the  truth  of  bis  in- 
duction appeared  to  have  become  irresistible,  his  attention  would  bo  ar- 
reted, and  his  faith  in  the  correctness  and  eompleterie.^s  of  the  extensive 
inductive  conclusion  he  hod  just  drawn  would  he  shaken  by  hearinf^  one 
loud  stroke  upon  a  bell.  Now,  probably,  he  would  suspect  that  the  stmc- 
turc  of  the  instniment  was  such  that  it  indicated  the  lapse  of  each  3(>00 
minor  beats  by  one  louder  stroke.  This  would  be  his  second  and  more 
I    improved  induction. 

■        Setting  himself  to  verify  the  truth  of  this  h^-pothesis,  he  would  watch 
I    the  instrument  through  ^000  beats  more,  confidently  expecting  that,  at 
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tho  concIuBion  tliereof,  tho  h\'potIiesU  to  nhicli  he  lind  thas  hastened 
wotild  be  confirmed.  True  to  the  time,  the  bell  would  again  strike,  bul, 
instead  of  striking  only  once,  it  would  strike  twice.  .S.dnionishod  of  the 
lio&tincss  of  hia  bri}0the3is,  oar  pliitosophcr  might  now  be  indaoed  to 
pause  before  he  generalized  again,  and,  alter  watching  through  3C00  mott 
beat3,  tho  clock  would  strike  thrice. 

Uow,  surely,  he  would  led  absolutely  certain  of  having  reached  the 
true  intcrjirctalion  of  ttie  action  of  the  machine  at  last.  His  third  and 
corrected  conclusion  would  be  that  each  group  of  3G00  beats  was  regi3te> 
ed  by  the  bcU,  the  number  of  strokes  upon  whicli  indicated  the  number 
of  such  groups,  and  that  this  it  would  do  continuously. 

Patiently  listening  through  many  thousand  beats,  he  would  find  ihi: 
e\eiy  thing  conHrmed  his  new  and  improved  induction,  lie  would  hear, 
in  their  regular  succession,  ten,  eleven,  and  twelve  strokes  made  by  tlie 
clock.  Of  comse,  his  expectation  would  now  be  conlirmed  that  at  tlie 
next  time  the  clock  struck  it  would  be  thirteen.  How  great  would  be 
Ilia  surjirisc  to  iiiid  it  was  only  one ! 

Perseveringly  continuing  his  ejuiiniuation,  he  would  rencJi,  at  last,tlic 
true  law  regulating  the  indications  of  the  macliine,  and  would  lind  thit 
the  partial  conclusions  to  which  he  liad  successively  arrived,  and  wluch 
be  bad  thought,  at  the  time,  to  be  substantiated  by  a  supertluiCy  of  {axis, 
were  in  themselves  incomplete,  and  in  that  rcs])eet  erroneous ;  Imt  bt 
would  also  observe  that  whatever  truth  there  was  in  them  was  embneed 
in  the  tinal  induction  that  the  machine  was  not  as  simple  as  he  badtt 
tirst  supposed,  and  that  the  critical  variations  which  in  succession  hwl 
surprised  him  were  all  embraced  in  the  original  plan  of  its  construction- 
Oar  imaginary  philosopher  has  passed  through  a  mental  exercise  precicc- 
ly  like  that  wlijch  is  befalling  modem  comparative  physiologists.  From 
his  labors,  disappointments,  and  eventual  success,  they  may  gather  cth 
couragement.  Tho  clock  of  the  universe  does  not  forever  go  on  vibrat- 
ing monotonously.  A  thousand  years  U]M>n  it  are  only  as  the  beat  of  a 
pendulum;  but  it,  too, has  its  periods  of  critical  vorialiou — variations 
were  included  in  its  original  device. 

Tho  point  which  I  wish  to  impress  by  tbese  illustrations  is,  that  tl 
A|.piic«iion  of  *®  *  definite  career  wliich  an  organism  must  follow,  accori- 
tiic  prrmijhig  ing  to  its  cxposuTC  to  cxisting  physical  conditions,  and  that, 
u»ira  n.  (jjougij  (his  curocr  may  seem  to  be  continuous,  it  by  no  mcaai 
follows  that  it  shall  not  cxliibit  an  instantaneous  and  critical  change,  and 
that,  on  a  sudden,  the  organism  may  assume  a  specitically  new  asjfect; 
and  though,  in  whnt  has  thus  far  been  said,  reference  has  been  had  chirf* 
Influence  of  ly  to  plants,  these  observations  all  apply,  in  Uke  manner,  to 
I  do  not  propose,  however,  to  ejiter  on  that  hrancli 
of  tlic  ini^mry  now,  W\,  &«  aa  illustration  of  lite  inducnce  of 
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physicu  agents,  even  on  the  highest — man  himself — shsJl  offer  the  fol- 
lowing example : 

31.  D'Orbigny,  in  his  description  of  ihe  Inca  Indiaiw  of  South  iVracr- 
ica,  lemarks,  ^*  It  has  aln'ays  been  obscrvcU  tliat  tlic  tnmk  U  Cumotttvi 
longer  in  proportion  timn  among  other  Americans,  and  that,  '"<*  Indian*. 
for  the  same  reason,  tlic  extremities  arc,  on  the  contrary,  shorter.  We 
endeavored,  at  the  same  time,  to  explain  this  fact  by  the  greater  devel- 
opment of  the  ciicst.  It  would  appear  that  any  part  of  the  body  may 
take  a  greater  extension  irom  any  adequate  cause,  while  other  parts  fol- 
low the  ordinary  course.  An  evident  proof  of  tiiis  fact  may  be  found  in 
the  plicnomena  of  imperfect  conformation,  in  nhich  a  certain  part  of  the 
body,  in  consequence  of  deformity,  does  not  assume,  in  external  appear- 
ance, its  complete  natural  development,  as  we  see  in  tlie  trunk  of  a  dwarf, 
while  this  defect  docs  not  prevent  the  extremities  fiom  acquiring  those 
proportions  that  they  would  have  had  if  the  trunk  liad  received  its  full 
growtli.  This  accounts  for  the  want  of  symmetry  in  the  persona  of 
dwar&,  and  for  that  length  of  the  ni)\Kr  imd  lower  limbs  so  much  out  of 
proportion  to  the  body.  If  wc  admit  tliis  fact,  diHicult  to  contest,  why, 
in  the  case  in  question,  may  we  not  as  well  admit  that  the  chest,  from  a 
cause  whicli  we  shall  explain,  iiaving  acquired  a  more  than  ordinary  ex- 
tension, might  naturally  leiiglheu  the  trunk  without  causing  the  extrem- 
ities to  lose  their  normal  proportion,  which  would  make  it  appear,  as  in- 
deed it  would  be,  longer  than  among  other  men  where  no  accident  can 
have  altered  the  form  common  to  the  race  ? 

**Let  us  return  to  the  causes  which  occasion  in  the  Incos  the  great 
Toiamc  of  chest  which  has  been  obscned  in  them,  JIany  considera- 
tions liave  led  us  to  attribute  it  to  the  influence  of  the  elevated  regions 
in  which  lliey  live,  and  to  tiio  modifications  occasioned  by  the  extreme 
expansion  of  the  air.  The  plateaux  which  they  inluibit  arc  always  com- 
prised between  the  limits  of  750U  to  15,000  feet  above  the  Icvd  of  the 
Bca.  There  tlic  air  is  ao  rarefied  tliat  a  much  greater  quantity  must  be 
inhaled  at  each  inspiration  than  at  the  level  of  the  ocean.  The  lungs 
require,  in  consequence  of  their  great  necessary  volume,  and  of  their 
greater  dilatation  in  breathing,  a  cavity  larger  than  in  the  lower  regions. 
This  cavity  receives  from  infancy  and  during  the  time  of  its  gro\\ih  a 
great  development  entirely  inde])endent  of  that  of  the  other  [>arts.  We 
were  desirous  of  determining  wlu'tiier,  as  we  might  suppose  d  prion,  llic 
longs,  in  consequence  of  their  great  size,  were  not  subject  to  extraordi- 
nary modifications.  Inhabiting  tlic  city  of  I>a  Paz,  upward  of  11,000 
feet  above  tlic  level  of  the  ocean,  and  being  informed  that  in  the  ho:-tpital 
there  were  constantly  Indians  from  the  populous  plateaux  still  more  elo- 
vatod,  we  had  recourse  to  tlie  kindness  of  our  countrj-nian,  M.  Buniicr, 
physician  to  the  hospital,  and  he  permitted  ua  to  make  a  post  mortem 


examination  of  some  of  these  Indians  from  the  highest  regions.  In  thc« 
we  have,  as  we  expected,  found  the  lungs  of  an  extraordinarr  dimenston, 
which  tlte  external  form  of  tlio  chest  clearly  iudlcatvtL  We  rem&rkcd 
that  the  cells  were  much  larger  end  more  in  number  tlian  in  those  of  the 
liingi»  we  had  dissected  in  France ;  a  condition  very  neceaaary  to  increaM 
tlic  purt'rtcc  in  contact  with  the  ambient  fluid.  To  ccmcludct  we  hare 
discovered,  1st-  That  the  cells  were  more  dilated ;  2d.  That  their  diUta- 
tion  increases  considerably  tlio  volume  of  tlie  longs ;  3d.  That,  conse- 
quently, they  must  have  to  contain  them  a  larger  cavity;  4Ui.  That, 
therefore,  the  chest  has  a  much  larger  capacity  than  in  the  tiormai  stnla^ 
5th.  Tliat  this  great  development  of  the  cliest  elongates  the  tmnk  he]ro^ 
its  natnral  pro{K>rtions,  and  jilacea  it  almost  out  of  harmony  with  tbs 
length  of  the  extremities,  this  remaining  the  same  as  if  the  chest  bxl 
preserved  its  natural  ditncnsiona.'' 

With  respect  to  the  doctrine  of  the  inilucnce  of  physical  agents  on  o^ 
Anninicnt  fWim  g^^^'-^^'on  generally,  ^vc  admit  without  hesitation  tliat  iho 
Uie  exitaciion    cxtioction  of  fomis  has  been  accomplished  thruugli  oatward 

**""*•  caosest  decline  of  heat,  etc     These  extinctions  are  intimate- 

ly conuccted  with  the  app<^tranee  of  new  organisms,  and,  indeed,  are  to 
be  regarded  as  being,  with  them,  r-sscntial  parts  of  a  common  plan.  It 
would  not  appear  agreeable  to  the  mode  in  which  the  scheme  of  Nature 
is  carried  out  to  invoke  one  class  of  influences  for  the  removal  of  the 
vanishing  forms,  and  a  totally  different  one  for  the  introilnction  of  the 
new-comers.  There  sccras  to  bo  a  better  harmony  iit  the  supposition  that 
all  these  things  ore  managed  ii|>an  similar  principles,  and  that,  since  itil 
the  failure  of  congenial  conditions  wliich  closes  the  term  of  life  of  a  racc.il 
was  the  suitability  of  those  conditions,  or  their  conspiring  togetlicr.wi 
gave  it  origin. 

The  influence  of  decline  of  temperature  appears  when  wo  examine  ps^ 
Inflocnw'  ff  lictilar  individuals  or  paaiicular  sjKcics  cither  of  plants  or  of 
dMiinuortfin-  animals.  Thus  the  Virginia  cherry  attains  the  height  of  lOO 
i)«nitiirc.  ^.^^  -^  ^j^^  Southcni  Statcs,  and  is  dwarfed  to  a  ahrub  of  not 
nK>re  tlian  five  feet  at  the  great  »SIavc  Lake;  the  nasturtium,  which  is  » 
woody  shrub  in  warm  elimatCB,  becomes  a  succulent  annual  in  cold.  Ou 
if  we  examine  some  special  tribe  of  life,  as  J\Iiinc  Edwards  has  done  Id 
the  case  of  crustaceans,  the  liighcr  the  temperature,  the  greater  tlic  Us- 
bility  to  variations  of  species,  the  more  numerous  also  the  diffcreucesof 
form,  and  tiie  attainment  of  n  greater  individual  size*  That  these  vans- 
tions  are  the  actual  conseiiuenccs  of  the  physical  conditions,  and  not 
merely  coUalcral  results,  is  shown  by  supplying  tlie  condition  that  is 
wanting.  We  can  imitate  the  natural  result,  in  an  artiticial  way,  in  hot- 
liouscs  ;  the  plants  of  the  warmest  climate  may  be  grown,  and  tlic  cficcts 
ofaammcv  imitated  at  any  season  of  the  year.    What  tjcttcr  proof  could 
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[>f  the  control  of  the  agent  heat  over  development,  tlian  t]ic  well- 
ascertained  i'act  tliat  the  time  of  einereion  of  larviw  depends  upon  the 
temperature  ?  The  silk-grower,  by  placing  the  eggs  of  the  insect  in  an 
ice-bouse,  retards  them  as  long  as  he  pleases.  Tlie  amputated  limbs  of 
the  water-newt  can  only  be  reproduced  at  a  temperature  from  68^  to  75°. 
The  tadpole,  kept  in  the  dark,  does  not  pass  on  to  development  as  a  frog. 
In  decaying  organic  solutions,  animalcules  do  not  aj>i>eai'  if  light  be  ex- 
cluded. 

Upon  the  whole,  therefore,  wc  conclude  that  organisnns  of  every  kind, 
so  |ar  from  presenting  any  resistance  to  change,  are  im-  cii«nfre>ofor- 
pressed  without  any  difficulty  Ly  every  exterior  condition ;  *5*"j.'"'"**"  ^'^ 
and  since  existing  natural  circumstances  have  been  main-  r>«biu  Law*, 
laincd  for  a  long  time  without  any  apparent  change,  their  sameness  pro- 
duces a  sameness  in  the  order  and  manner  of  development.  But  it  Hhould 
be  bomo  in  mind  tliat  this  idea  of  sameness  can  be  entertained  only  on 
an  imperfect  view  of  the  state  of  Nature,  for  there  is  scarce  one  of  those 
conditions,  to  the  sameueas  of  which  we  have  been  referring,  which  has 
not,  in  reality,  undergone  slow  secular  variations;  and  with  those  changes 
there  have  been  changes  in  the  manner  of  development. 

In  truth,  as  I  have  on  a  fomier  page  obser>'ed,  the  only  things  which 
are  absolutely  luichangeable  are  the  laws  of  Nature,  such,  for  instance, 
as  that  of  gravitation;  every  thing  else  is  to  bo  looked  upon  as  an  effect, 
or  as  a  changeable  phenomenon  arising  from  the  operation  of  tlioso  laws. 
So,  therefore,  though,  in  this  clmpter,  tlic  terms  physical  in-  SHocci8iv«  mct- 
flucnccs  and  natural  conditions  have  been  rejjeatedly  used,  JlSijZl'j^nce'f 
yet  a  higlier  and  more  philosophical  view  of  the  case  brings  invariuhio  Uw. 
us  inevitably  at  last  to  the  idea  of  law ;  nnd  therefore  I  accept  the  in- 
terpretation of  all  these  facts,  which  has  of  late  years  been  impressing 
itself  more  and  more  strongly  and  clearly  on  the  minds  of  physiologists, 
tliat  tlte  development  of  everj-  organism,  from  a  primordial  cell  to  its 
final  condition,  however  elevated  that  condition  may  be,  is  the  inevitable 
consequence  of  the  operation  of  a  universal,  invariable,  and  eternal  law. 
All  animals,  no  matter  wliat  position  they  occupy  in  the  scale  of  na- 
ture, unquestionably  arise  in  the  tirst  instance  from  a  cell,  which,  possess- 
ing the  power  of  giving  birtli  to  other  cells,  a  congeries  at  last  arises,  the 
size  and  form  of  which  ia  dctcnnined  wholly  by  external  circumstances. 
In  all  cases,  the  material  from  which  these  cells  arc  formed  is  obtained 
from  without,  and,  whatever  the  c%'entwnl  shnpc  of  the  structiuc  may  be, 
the  first  cell  is  in  all  instances  alike.  There  is  no  |)erceptible  difference 
between  the  primordial  cell  whicli  is  to  produce  the  lowest  plant  and 
tliat  which  is  to  evolve  itself  into  the  most  elaborate  animal.  The  mode 
of  growth,  and  the  arrangement  of  the  new  cells  as  they  come  into  exist- 
ence, determining  not  only  the  form,  but  also  the  functions  of  the  new 
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being,  dq)cnd  on  the  particular  physical  conditions  onder  wliicli  tlie 
growth  is  tnking  pluce.  The  germ  which  is  to  prodace  a  lichen  obtains 
I'roui  ntnlcriaU  oronnd  it  the  substances  it  wants  na  hcM  it  mav;  but 
the  germ  wltich  is  to  end  in  the  development  of  man  is  brooght  in  sac 
cession  mtder  the  influence  of  many  distinct  states.  As  a  couscqaence 
of  this,  it  gives  rise  in  succession  to  a  scries  of  animated  forms,  which,  as* 
suming  by  degrees  a  higher  complexity,  end  at  last  in  the  perfect  hamsn 
lidng.  At  one  time  it  was  bcUeved  that  these  metamorphoses,  ns  thej 
are  tcrmctl,  arc  limited  to  insects  and  frogs:  the  insect,  which  at  fiist 
appears  under  the  form  of  a  caterpillar  as  it  comes  from  tlie  egg,  and, 
passing  through  the  pupa  state,  at  last  lakes  its  true  jwsition  as  a  wing- 
ed  being ;  the  firog,  which,  apj»curing  at  tirst  from  tlic  ovum  as  a  Inw 
fish,  wliose  respiration  is  carried  forward  by  gills,  and  whose  life  is  Un- 
ited to  tlic  water,  at  last  assumes  a  new  constitution  and  a  new  organi- 
zation, breathes  by  lungs,  and  becomes  an  amphibious  reptile.  But  H 
is  now  known  that  these,  so  far  irom  being  exceptions,  arc  only  instances 
of  a  general  rule,  which  is,  that  all  organized  beings  sbull  begin  existence 
at  the  bottom  of  the  scale,  and,  taking  on  one  type  of  life  after  another,  in 
moi'e  or  less  rapid  succession,  end,  finally,  in  assuming  a  size  and  fonn 
analogous  to  those  of  the  parent  wliich  gave  them  birth. 

There  is  a  general  resemblance  between  the  life  of  an  indindual  inl 
the  life  of  a  siXK:ics.  Kach  has  its  time  of  birth,  its  time  of  maturity. 
its  time  of  decline ;  each  also  has  its  embryonic  states.  The  fossil  forms 
of  the  early  geological  ages  nm  in  many  cases  tlic  embryos  of  existing 
animals.  Upon  cacti  all  natural  agents  have  exerted  their  cfTccta,  posb- 
ing  forward  or  retarding  development ;  and  this  applies  not  only  to  w- 
imals,  but  also  to  plants :  it  is  in  accordance  with  the  principles  we  in 
fictting  forth  that  over  the  whole  domain  of  lite  natural  forces  eiert 
their  sway.  Cliango  the  conditions  under  which  growth  is  taking  pUoc, 
and  you  at  once  change  rc~*ulting  fonn  and  fimction.  It  is  in  this  nun* 
ncr  that,  on  a  small  scale,  the  horticulturist  works  in  furnishing  us  what 
are  called  improved  vaiietics  of  flowei-s  and  fruits.  It  ia  in  tliis  manner 
that  aiiimalH,  known  to  have  been  indisputably  of  the  same  original  kic^i 
assume  Hitch  difl'creut  fonns  and  characters  in  various  climates.  It  ii 
true,  we  can  not  expect  in  an  abrupt  manner  to  bring  about  sucli  stnk* 
ing  modifications  in  a  solitary  individual,  for  the  life  of  an  individual  is 
readily  destroyed,  but  not  so  the  life  of  a  race  ;  and  Nature,  carriing on 
her  operations  in  the  slow  lapse  of  centuries,  and  dealing  with  nets 
rather  than  indi\'idnala,  forces  thoin  up  to  any  ]X)int  of  development  she 
may  desire,  but  still  the  impress  of  the  laws  under  which  they  have  boea 
brought  to  that  condition  is  upon  them,  and  each  betrays,  in  the  embry- 
onic and  fa*lal  furms,  a  manifestation  of  the  metamorphoses  throogl> 
frhich  his  race  has  run. 
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Our  attention  might  here  be  directed  to  that  interesting  class  of  phc- 
l^oxnenft  known  to  comparative  anatomists  under  the  title  of  Rudiment«7 

diiiientary  organs — that  is  to  say^  organs  which  exist  in  an  tbefMn^r- 
Apparcutly  undeveloped  and  useless  condition,  Buch»  for  in-  preutigii. 
^tancr,  as  the  manimui  of  the  male  mammalian,  or  the  subcutaneous  feet 
fof  certain  snakes — for  these  arc  facts  intimately  connected  with  the  Buh- 
fject  before  us.  It  looks  as  if  Nature  stopped  short  in  her  attempt  at 
ireaciuDg  perfection,  but  it  proves  to  us  the  constancy  of  the  plans  on 
Krhich  she  works.  In  the  case  of  the  whak%  which,  though  apparently 
il>clonging  to  the  6shcs,  is  a  warm-blooiled  mammal  and  suckles  its  young, 
•the  general  type  of  its  class  is  observed  oven  down  to  minute  pi^ticulars  ; 
jit  h  llie  attribute  of  those  belonging  to  it  that  they  shall  have  seven  cer- 
Kical  vertebne,  and  this  is  equally  the  case  with  the  caraclopard,  with 
*3t§  long,  graceful  neck,  and  the  mole,  whicli  seems  to  have  no  neck  at 
tftll.  In  the  whale,  which  conforms  to  that  general  rule,  the  teeth  are, 
hnoreover,  found  in  the  jaw,  in  the  earlier  period  of  life,  uncut,  precisely 
*«s  we  find  them  at  birth  in  the  human  infant.  In  this  last  instance  we 
Uliink  we  see  a  wise  provision  and  foresight  of  nature,  wliich  does  not 
(give  to  man  these  masticating  organs  before  the  tJmo  they  arc  wonted; 
tut  what  arc  wo  to  make  of  the  former  case?  JIan  is  not  always  a  true 
interpreter  of  the  works  of  Cod.  Shut  up,  as  they  arc,  in  the  interior  of 
the  bony  maaa  of  the  jaw,  never  to  be  developed  and  never  to  be  used, 
does  not  that  look  to  a  careless  observer  something  like  a  work  of  snper- 

gation?     Or,  in  the  case  of  such  snakes  as  the  anguis,  typhlops,  and 

phisbfcna,  why  is  it  that  Nature  has  placed  under  tlic  skin  the  bony 
ipreseutatives  of  the  extremities :  the  mode  of  progressiou  of  those  an- 

iala  is  by  the  use  of  the  ribs,  and  organs  such  as  feet  arc  never  wanted. 

We  may  also  turn  to  the  other  dei»rtmcnt  of  physiology,  the  vegcta- 
le  worlJ,  and  what  do  we  there  sec?     Kudimcntory  organs  and  excess 

development  arc  every  where  presented.  An  attentive  examination 
9tif  any  ilower  jiruves  that  we  may  with  trulli  regard  it  as  a  transformed 
tbranrh,  the  law  of  development  being  such  tliat  tliat  which  might  have 
mftftsed  jbrward  to  the  condition  of  n  branch  has  turned  to  the  condition 
jbf  a  flower;  or,  in  still  minuter  particulars,  wc  Tvitncss  the  same  priii- 
[nple:  that  which  miglit  have  evolved  into  a  leaf  turns  indiifciently,  as 
circumstances  may  direct,  into  a  sepal,  a  petal,  or  a  stanicn. 
1  liut  ia  it  possible  that  there  is  all  this  confusion  and  want  of  precision 
in  the  works  of  Nature?  Not  so.  If  we  consider  rightly,  App*»r»nc«rf 
hro  shall  come  to  the  conclusion  that  Nature  never  works  njiiimcntary 

ntingently,  nor  resorts  to  a  sudden  contrivance  to  meet  an  bm|ihiioo  at 

igency.     All  her  operations  are  carried  forward  under  far-  *"*•■ 
:hing  and  universal  laws.     These  rudimentary  and  perhaps  useless 
come  into  existence  through  a  general  plan,  of  which  they  vc^ 
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witnesses  to  ns,  if  tliey  eubeerve  no  otlier  duty.  They  teU  tlie  un 
great  fact  which  is  so  loudly  proclaiined  by  all  the  pfacnomcua  of  the  m- 
tomlioji  of  parts  and  renoration  of  tissues,  that  the  grtmping  of  omi- 
nizcd  matter  into  definite  and  special  fonns  is  not  a  wanton  or  diance  ef^ 
feet,  but  is  the  direct  and  inevitable  coneetjuencc  of  invariable  pfarnedi 
laws. 

Expedients  ore  for  the  vacillating  and  weak,  law  is  for  the  stroi^.  A 
takes  from  the  merit  of  any  huroan  contrivance  if  the  engineer  iias  to  te 
constantly  tampering  with  it  to  keep  it  going ;  we  admire  the  madane 
that  continues  its  movements  without  variation  aHer  it  lus  Idt  ib 
maker's  liand.  I  think  we  can  have  no  nobler  conception  of  the  gnit 
Author  of  the  wonderful  forms  around  us  than  to  regard  them  all.  the 
vegetable  and  animal,  the  living  and  lifeless,  the  earth,  and  the  stan,  sod 
tho  numberless  worlds  that  are  beyond  our  vision,  as  the  ofisprin^  of 
one  primitive  idea,  and  the  conseqaenoes  of  one  primordial  law. 


CHAPTER  IIL 

OF  THE  ORGANIC  CEI-L :   ITS  DEVEI.01'.\fKNT,  RErRODUCTIOX,  A>T)  Dff- 
FEItENTIATIOX  OF  STRUCTUKK  AND  FLNCTION. 

Sim/tb  mdNwJeaUd  CUk— 31e  Simple  Caff:  it$  Pttru  ami  f««rt»w^-71>  AwAaMiCUft 
Um  P»ru  and  Fimclieiu.~Actiritg  ^'  tA«  .W/rw.— Outer  Forwu  «f  OliM.—  Ottt*  aiim  if 
Seff-oriyi»atitm  a»J  Rtftro'ttttian, — Rffiroiliirliott  by  StJtdiritiott  and  Kudoijaoiulg. 

Tie  Aidmal  CtU.— Forma  of  CeJUtar  Ttuw.— /orw  ^  Vtntmhr  TUmt.—S/nral  VmA, 
J>tcta,tlc 

Jjfjfcrmtiatiofik  of  CtlU. — ^rifwisifion  t^  ntm  Fvttctiaa*, — Diffemttiaticm  ^  lie  Atiimai  OA— 
liepemU  m  Pkyaical  Gfut», — Ii^flnOKe  (tflitat  wtd  Air. — i^ioch  ^ lMfftmtkiti«it. 

The  organic  cell,  which  is  the  starting-point  of  evtry  oi^nisra.  yt^ 
SimfiieaTidBa-  ctahle  or  onimal,  consists  of  a  vesicle  or  sheli,  with  included 
c)cai«a  mIU.  contents.  If  the  vesicle  bo  of  uniform  thicknei^  all  ot«. 
the  cell  is  a  simple  one ;  but  if  there  be  upon  some  portion  of  it  a  thick- 
ened granular  spot,  tiie  celt  is  said  to  be  nucleated. 

The  vesicle  of  the  simple  VEaETABLE  cell,  more  closely  examined 
Thetlmi-le  ^  found  to  be  composed  of  different  laminie  or  stmto.  Tbs 
Ttgtcaiiie  0*11 :  innermost,  dcsii'nated  tho  primordial  utricle,  consists  ofw 

il9  will,  ntri-  -       »        ,  ,  ^   1  ^-v       ■ 

c)«,  %nA  «a4i»>  asotizod  suDstance,  a  member  of  the  protein  group.  On  the 
chrooie.  cxtcrior  of  thifl  pellicle,  and,  as  it  were,  arising  from  its  Bu^ 

face,  lies  the  cell  wall,  whicli  serves  to  give  protection  to  tJie  parts  with- 
in. The  cell  wall  is  not  a  mere  extension  by  thickening  of  the  prirao^ 
dial  utricle,  as  is  proved  by  its  cliemical  constitution ;  for,  thougli  it  m»f 
vary  in  pi^j'sical  condition  lirom  si  toctc  ^^^wty  mucus  to  a  firm  wood/ 
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texture,  it  uniformly  consists  of  a  non-nitrogen ized  body,  gummy,  amy- 
laceous, or  ligneous.  Indeed,  tliougli  tbc  vegetable  cell  i$  usually  said 
to  have  two  concentric  investitures,  tlio  iiitrugciuzcd  primordial  utricle 
and  the  non-nitrogen  ized  wall,  it  is  more  exact  to  describe  the  latter  as 
consisting  of  several  pellicles,  ■which  have  been  generated  in  succession 
iix>m  the  outside  suriace  of  the  utricle,  and  these  diiVcr  from  one  another 
in  their  physical  qualities,  accorduig  as  they  are  nearer  to  the  surface  of 
the  utricle  or  nearer  to  tiie  general  exterior,  recalling,  in  this  res|>ect,  the 
analogous  condition  of  the  cuticle  under  circumstances  that  ore  somc- 
wlrnt  paralleL 

Within  the  primordial  utricle,  the  cell  contents  jiresent  themselves  of 
a  different  naturc  and  different  fonu,  according  as  tlie  species  of  the  cell 
may  be  In  different  cases  they  arc  colored  of  various  tints,  and  arc  of 
various  consistency,  more  solid  or  more  lii^uid.  To  the  cell-contents  the 
convenient  designation  of  endocliromc  is  given.  This  interior  content  is 
not  to  be  understood  as  having  a  homogenous  constitution,  since  sDmctimcs 
even  its  colored  portions  arc  separated  out  and  arranged  in  dots  or  spiral 
lines,  which  arc  very  distinct  from  the  remaining  uncolored  matcriaL 

The  active  portion  of  such  a  cell  consists  of  the  utricle  and  cndocliromo 
conjointly,  the  cell  wall  only  discharging  a  meclianical  oiBcc.  In  the 
simple  cell,  all  parts  of  tlic  utricle  appear  to  be  endowed  with  eijual  jmdw- 
cr  for  carrying  on  the  functions  of  tiie  organism. 

But  in  those  cells  which  possess  a  nucleus,  the  energy  is  no  longer  dif- 
fusctl  with  uniformity,  the  nucleus  concentrating  much  of  jrufic^iedci-tl 
the  power  in  itself,  and  serving  as  a  centre  of  activity.     Its  itciivii>-uf  iu 
nitrogcnized  constitution  indicates  that  it  is  in  relation  with  *"*'^'''"*' 
the  primordial  utricle,  and  not  with  the  cell  wall ;  a  conclusion  which  is 
corroboratctl  by  its  physiological  activity,  as  also  by  the  fact  that  in  those 
nucleated  ceUs  which  exhibit  currents,  the  nucleus  appears  to  be  the 
starting-point  from  which  they  diverge  in  various  directions. 

There  arc  subordinate  species  of  cells,  as  the  spiral  and  the  dotted. 
These  exliibit  points  of  rc-enforcement  or  thickening,  such  suboniinaM 
as  the  apixjanmce  of  a  thread  wound  spirally,  or  in  dots  here  ^"'^'"*  otwllt, 
and  tliere  on  tlio  interior  of  the  wall.  There  would  seera  to  bo  a  tend- 
ency during  the  development  of  a  cell  for  these  parts  to  assume  a  spiral 
arrangement.     Even  the  endochrome  shows  this  peculiarity,  tlie  green 

^  material  being  often  arranged  in  n  spiral  course  on  the  interior  of  the  cell. 
Thus  constituted,  each  cell  runs  through  n  detinitc  cycle  or  career,  hav- 
ing its  moment  of  birth,  its  period  of  maturity,  its  time  of  dcatli.  Dur- 
ing its  mature  life  it  discharges  with  activity-  the  special  function  to  which 
it  is  devoted,  but  in  so  doing  becomes  eventually  worn  out  and  old. 
The  jieriod  of  activity  of  cells  of  different  species  is  very  different,  some 
passing  away  quickly,  and  others  having  a  longer  duration. 
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The  commencement  of  cells  U  cither,  Ist,  by  self-origination,  or,  5A 

Ori  '     r    11     l^y  i^pi^duction.     1  at.  Cells  arise  ui  an  obscure  manner  from 

fibyieU^ri^iu-  homogeneous  particles  floating  in  a  protoplasmaf  irhicb,  tik- 

"■  ing  on  development,  have  a  vesicle  thrown  o^^r  ihom,  w^ 

being  of  a  spherical  shape,  present  the  aspect  of  a  cell  wall  and  cflvitf, 
The  granular  content  by  degvces  increases  as  the  young  cell  grows  in  ill 
its  dimensions,     yrom  that  granular  content  new  cells  may  arise. 

Though  this  process  is  spoken  of  as  one  of  self-origination,  it  is  qub 
probable  that  the  splierical  and  homogeneous  particles  floating  in  tin 
protoplasma,  and  which  were  the  points  of  origin  of  the  cells  that  htn 
arisen,  were  themselves  notliing  more  than  germs  whidi  had  been  pie* 
pared  by  an  antecedent  generation  of  cells.  This  is  the  opinion  com» 
monly  entertained  of  Iheir  nature^  though  its  truth  h&s  never  yet  been 
demonstrated  by  actual  observation.  It  is  adopted  bccaosc  of  its  probi- 
bility,  for  wc  usually  observe  that  every  new  organism  is  the  desceniUat 
of  an  older  one ;  yet  it  should  not  be  forgotten  that  there  must  have  been 
a  time  when  the  first  organic  cell  arose  from  inorganic  material,  and  it ta 
not  unphilosopliical  1o  suppose  that  what  must  have  occurred  once  dmj 
occtir  again. 

OriRin  of  mIU  2d.  Cells  arc  rcproduwd  from  antecedent  ones  of  the 

ly  reinwiucUon.  gam^  Jund  by  subdivision,  by  budding,  by  endogenous  gan 
emtion, 

TAa  reprodtniion  of  cells  btj  subdivision  is  strikingly  illustrated  ty 
BcprodnctSoa  thcHa^mafococcus  binalis.  The  mamier  of  the  process  neODl 
bjrwWivUkn.  to  be  as  follows.    The  endochrome  of  tbe  original  spheiioil 

cell,  a,  I^if^,  230,  begins  to  undergo  bi-|■^ 
tition  as  at  £,  and  as  the  dividing  portions 
recede  from  one  another  the  primordial  otii- 
cle  bends  round  them.     Next  a  layer  of  p^^ 

•'  ^ — '  -  ^.^r  (SB>  n>anent  cell  wall,  of  a  mucous  cliaraclcr  on 
^9  0^  /^k>  ^'^  exterior,  is  produced,  which  BccomjMiues 

^^J  V  ^^)  ^^  the  inflection  of  the  primordial  utricle  i^  ^ 
c,  und,  nftcr  a  while,  the  bi-parlition  is  cofl>* 
pletc,  and  the  separated  jxirtiona  constitnte 
distinct  individual  cella.  The  subdirision 
may  be  repeated  as  at  d.  The  seat  of  tte 
primary  action  is  said  to  bo  in  the  cndo* 
chrome ;  but  of  this  there  may  be  reasonable  doubt,  since  gcnorally  tbi 
primordial  utricle  is  the  place  of  energy  of  the  cell ;  and  where  nucleate^ 
cella  undergo  multiplication  by  this  process  of  fissure,  the  nucleus  di- 
vides along  with  the  endochrome,  so  that  both  the  resulting  portions  po^ 
MSB  a  part  of  it.  But  if  the  utricle,  with  its  nucleus,  iraa  inert  duriiig 
thla  operation,  it  wou\d  seam  ll\at  live  vesicle  should  tcax  any  wiicw 
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fiallier  than  tlirough  that  iJiickened  and  stronger  place.  The  phcnomcun 
arc  equally  well  accounted  for  by  imputing  the  first  action  to  the  utricle 
itdcir,  wiiich,  exerting  a  constrictive  pressure  njxin  tlie  endoclirome  iu  tho 

kdirection  of  one  of  the  great  circles  of  the  cell,  divider  it  in  the  manner 

[that  wo  SCO. 

["his  process  of  multiplication  is  exhibited  in  Fig.  231,  in  Confci'va 


no.  Ht 


ii^-yi 


\ci 
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glomerata,  which  consisty  of  a  system  of  cells  arranged  in  a  filameat.    At 

I  A  Iwo  states  are  shown,  complete  partition  at  A,  and  incomplete  at  ft  r  »t 
B,  C,  I-),  tiie  successive  steps  of  partition,  a  being  the  primordial  utricle, 
h  the  cndochromc,  c  cell  membrane,  rf  mucous  investment.  At  K  the 
primordial  utricles  are  separated,  and  the  c<.'ll  membrane  intervenes.  At 
•Jf*  the  membrane  is  completed  so  as  to  cxliibit  laminas. 
■  The  cells  whicli  have  thus  arisen  by  subdivision  soon  grow  to  the 
size  of  the  one  from  whicii  they  were  derive<l,  and  arc  ready  for  subdi- 
vision in  their  turn.  Indeed,  it  often  happens  that  traces  of  incipient 
sabdivision  m9.y  be  detected  long  before  the  cell  has  reached  its  mature 

(dimensions. 
T/t£  reproduction  nf  a^lU  by  bmUiin^  may  be  illustrated  by  the  veai- 
dcs  of  the  yeast-plant ;  and  though,  in  those  cases  in  which  the  budding 
cell  possesses  a  nucleus,  the  nucleus  is  not  necessarily  involved,  yet  the 
conclusion  indicated  in  the  preceding  paragraph  is  grcjitly  strengthened, 
for  we  must  clearly  attribute  the  result  wliich  now  takes  place  to  an  in- 
creaaed  nutrition  of  the  primordial  utricle  upon  a  restricted  portion  of 
ita  surface,  and  not  to  a  distention  arising  from  a  pressure  of  tho  endo- 
chrome  within.  So  closely  doea  this  resemble  the  preceding  mode  of  re- 
production, that  they  arc  commonly  said  to  be  really  of  the  same  kind, 
or,  rather,  to  offer  no  other  distinction  than  this,  that  iu  the  fotmcv  llwi 
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cell  divides  into  portions  which  arc  sensibly  eqniO,  in  tliis  iuto  oncqiul 
parts. 

OJIs  are  said  to  arise  frotn  endogenous  gcoeration  wheu  they  nukt 
Eiitlocnmu  ^^c"*  *^*  appearance  in  tiie  cavity  of  a  former  cdl*  of  tphiii 
gentraUmor  the  eudochrome  exhibits  a  disposition  to  divide  inio  intnir 
stnall  portions,  at  tirst  doubtfully,  tJicn  more  distinclly.uui 
each  one  of  these  portions  obtaining  a  co'criug  iuvestiturc  or  primordiil 
utricle  for  itself.  The  process  continues  until  the  young  brood  of  oclb 
has  reached  a  certain  degree  of  perfection,  when  they  escape  from  their 
confinement,  either  by  the  Assuring  or  deliquescence  of  tlic  old  cell  vail 
The  young  cells  may  now  lead  an  independent  life  and  grow  rapidlj. 
Ill  this  manner  zoospores  ai'ise-.  wliich  am  young  cells  having  for  a  llm 
A  power  of  locomotion,  from  cilia  which  have  been  developed  from  their 
walls,  or  &r  other  reasons. 

TVm!  rrproduciion  of  cells  by  endogenous  generation  is  commonly  at- 
tributed to  an  action  aiising  in  the  endochrome  whioli  brings  on  its  sub- 
division into  portions.  From  the  fact  tlmt  these  portions  are  evrniuAlIy 
found  clothed  with  a  primordial  utricle,  we  might  be  led  to  suspect  ibit 
the  original  scat  of  the  action  is  in  this,  as  in  the  preceding  cases,  llui 
portion  of  the  original  cell  which,  undergoing  projection  intenmllr,  di- 
vides tlie  endochrome  and  incloses  the  portions  in  its  ineshcs.  Soeh 
membranous  projections  may  be  difHcult  of  detection  in  the  Hrst  in^tancei 
Iccause  of  their  extreme  tenuity :  nor  is  the  fact  that  the  zoo^xne 
move  freely  in  the  cavity  of  the  mother  cell  just  before  tlicir  escape  t\ 
all  in  contradiction  to  tlus. 

Tub  AKDtAL  CELL  presents  a  atrwctural  arrangement  diHering  fion 
Pmaiorityof  the  vegetable  in  thist  tliat  it  docs  not  possess  a  proper  cdl 
ibeftiiiinaiceU.  ^^.j,j|^  ^^  consists  of  a  primordial  utricle  and  interior  con- 
tent alone.  Its  manner  of  reproduction  is  of  three  kinds :  Ist.  From 
germs;  2d.  Uy  fissure;  3d<  Endogenously,  Where  animal  cclU  ori^ 
iiiatc  from  germs,  these  seem  to  be  granules  of  a  substance  analogatuK 
fibrin,  which  are  fioating  in  the  formative  liquid.  In  dupUcation  by  stil>* 
division,  the  ini|»orL  of  the  nucleus  ia  shown  by  the  fact  that  tlic  actioa 
legins  at  it.  It  may  be  said  of  animal  cells  tlial  the  nui-Icus  niaiuuiM 
a  more  conspicuous  relation  than  it  does  in  the  caao  of  vegetable  oncft 
Reproduction  in  the  endogenous  manner  is  carried  forward  in  tho  cascflf 
these  cells  in  the  manner  described  in  a  preceding  paragraph. 


or  TBE  co!taTRtrcTiox  or  cellclas  axd  VASccuui  Txsscas. 

By  their  development  and  juxtaposition  with  one  another,  cells  giw 
rise  to  continuous  fabrics  of  various  kinds,  or  cellular  tiMU** 
If  the  development  of  new  cells  occurs  in  a  space  where  tho* 
is  irecdom  from  ^Ttasvuca,  the  eella  maintain  llicir  origii 


Cellular  liutU!, 
it«  variom 
formu 
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Spherical  form,  as  seen  in  tho  photograph,  I^h 

development  occur  in  a  confined  space, 
or  under  circumstances  of  preasure,  the 
intercellular  spaces  ivhich  neccasarUy  ex- 
ist in  the  former  case  bj  reason  of  tho 
splicrical  shape,  arc  nowcncroachcd  upon, 
and  tho  cells  aasuznc  vanotts  angular 
forms,  such  as  porallclopipedons,  rhom- 
bic doilccahcdrona,  &c.  Uf  the  former 
wc  have  an  example  in  the  photograph, 

^V■npF  V      y-V/y.  233,  wliich  represents  a  section  of 

^M^  ',  muriform  cellular  tissue.     In  other  cases, 

^^  with  a  view  of  ^ving  resistance  to  press- 

BB.pie«u«u.L.. „ ..:..d;.m*..«.  urctho  interior  of  each  of  the  cells  is 
fortifietl  by  a  fibre,  and  thus  arises  the  tissue  of  which  wo  liavc  an  c.xam- 
Fiq.  8S4. 


\nUaTra  cellular  Ujmu,  nujpiLfied  30  dluncten. 


Fibra-etlloUr  Uime,  nuifiiiSttd  ZH  diunclm 


pie  in  the  photograph,  Fig.  234,  Two  or  more  fibres  maj',  in  lliis  man- 
lier, be  employed,  and  wljcn  such  is  the  case,  it  is  obscncd  that  they  do 
not  cross  one  another,  the  one  winding  from  right  to  left,  the  other  from 
left  to  ri^ht,  but  they  are  laid  ])arallcl  to  each  other,  and  form  u  com- 
pound strand.  Tn  other  coses  tlie  constituent  cells  of  the  tissue  assume 
mach  more  complicated  forms,  as,  for  instance,  in  the  stellate  variety. 
Tliesc  more  complicated  forms  prove  that  it  is  not  altogether  through 
tho  influence  of  a  force  of  compression  that  cells  assume  uioditied  slmpes, 
bat  that  on  many  occasions  the  disposition  of  their  primordial  utricle  to 
branch  in  various  directions,  of  whicit  mention  has  been  made  in  a  pro- 
ceding  paragraph,  is  the  true  cause  of  the  variations  in  question. 

This  disposition  1o  grow8]>ontaneously  in  one  direction  rather  tliaii  in 
another  is  the  cause  of  tlie  production  of  the  ditTerent  kinds  of  vascular 
tissue*     A  cell  luidergoing  extreme  donation  in  one  direction,  cilher  b^ 
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VMcuUniMOB  ™**on  of  this  quality  ofiis  primordial  utricK  or  tUroogh  m- 
uid  lu  niodlA-  cqnul  nutritior^  or  other  cause,  gives  origin  to  a  lulxs.  And 
**     '*"  it',  of  se\-eral  cella  thus  elongated,  and  placed  end  to  end  on 

each  other,  the  terminal  jwrtions  should  be  oblitcnitcd  cither  by  rap- 
ture or  absorption,  a  vessel  permeable  throughout  is  the  rcj?ult,  la  tlus 
manner  vascular  tissue  arises.  These  vessels  still  exhibit  the  structonl 
peculiarity  of  the  cells  from  which  they  have  originated  in  thia,  that  xher 
may  lie  fortified  in  their  interior  with  fibres  wound  in  a  spiral,  and  so 
constituting  a  spiral  ^essel;  or  wound  in  rings,  and  forming  annular 
ducts.  In  like  manner,  through  similar  modifications,  the  varieties  knon 
ns  reticulated  and  dotted  ducts  arise.  In  these  fibro-vascolar  tissues  it 
frequently  hapj^icns  that  the  fortifj-ing  thread  is  double  or  e^'en  qiunlni- 
ple.  Of  spiral  vessels  derived  from  a  cactus  we  have  an  example  in  tie 
photograph,  I^iff,  235,  and  in  those  &om  tlic  banana  in  that  of  jFcy.  236, 

Ffff.ZI6. 
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The  spiral  vessels  of  plants  contain  air.  Otlier  tubes  are  for  tbc 
Spiral  vmhU,  conveyance  of  liquid ;  the  laticifcroiu  vessels,  for  example, 
vJiSS/STi-  ■«^l"cl>  a"*  bi-anching  tubes  ^  m. 

nifera.  for  transmitting  the  latex 

of  plants.  Again,  in  other  cases,  tl:f* 
interior  of  the  vessel  is  more  or  lu 
completely  filled  up  by  a  gradual  de- 
posit of  solid  material,  it  being  in 
this  manner  that  proper  woody  fibre 
is  formed  from  long,  spindle-shaped 
cells.  Vascular  tissue  in  coniferous 
plants  presents  a  peculiar  dotted  as- 
pect from  disc-Ukc  fonns,  exlubiting 
a  pair  of  concentric  circles,  wliich  arc 

set  tit  regular  intervals  uipoTi  rt,  aa  

shown  in  the  photosravK  Fij.  ^^T ,     '«•*,««.  «^^«:^=s^sw.»««-«* 
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vhicli  18  dotted  woody  fibre  from  pine.  The  circular  discs  or  glands  run 
in  suigle  rows  except  in  one  place,  wlicrc  a  double  row  is  seen.  Among 
true  living  pines  more  than  two  rows  are  not  met  with.  In  the  Arauca- 
rin  the  rows  are  sometimes  triple  or  even  quadruple. 

Animal  vascular  tissue  arises  in  the  same  manner  as  vegetable,  by  tlie 
conjunction  of  elongated  cells  and  the  obliteration  of  their  y^u^^  ^^^^ 
tCTTniiiations.  The  physiological  purposes  these  vessels  sub-  winic  fibmn 
serve  arc,  as  in  the  other  instance,  the  conveyance  of  gases  or  "** 
liquids.  But  tibres  may  form  in  animal  fabrics  without  the  previous  in- 
lermcdinra  of  cells,  either  directly  from  fibrin,  the  parts  of  which  posaesa 
the  quality  of  a^Iutinating  into  threads,  or  from  the  coalescence  under 
like  circumstances  of  substances  allied  to  gelatine,  wliich  yield  the  varie- 
ties of  fibrous  tissno  knowTi  rcsj^ctively  as  the  yellow  and  the  white, 
the  former  being  composed  of  branching  filaments,  as  seen  inJ^ig,  238, 
It  is  unacted  upon  by  warm  acetic  acid,  and,  from  its  extraordinary  clas- 
ps }3&  F^.  ?39. 


U^ 
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licity,  ia  used  wherever  that  quality  is  required.     Tlie  latter,  which  is 
represented  \nFig.  239,  shows  strands  of  a  wavy  appearance:  it  is  inelas- 
Fij/.  S4a.  tic,  softens  muler  the  action  of  acetic  acid, 

being  thereby  distinguished  from  the  pre- 
ceding, and  is  employed  on  account  of 
1(8  tenacity  wherever  resistance  to  exten- 
sion is  required,  as,  for  example,  in  the 
ligaments  of  tlic  joints.  Tlie  solid  ani- 
n)al  fibres  are  therefore  employed  where 
physical  qualities  are  necessary,  the  hol- 
low tubes  for  organic  processes.  By 
some  physiologists  it  is  l)clieved  that 
both  yellow  and  white  fibrous  tissue  arise 
front  cells. 
riiMw,iB«g<iitoii!r.d:ut>«t<tn.  Arcolaror  connective  tissue, i^ig. 24,0, 
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is  composed  of  the  two  preceding  elements,  the  yellow  and  white  fibrous. 
intcrwovcu  with  each  other  so  as  to  constitute  a  porous  structure,  Hitli  a 
multitude  of  intercommuuicating  spaces.  It  is  to  bo  understood  tint 
these  interstices  are  wholly  distinct  from  cells;  hence  Uic  inapplicability 
of  the  term  cellular,  somctimea  employed  for  tliis  tissue.  Areolar  tissue 
is  employed  for  uniting  the  various  animal  parts.  Its  interspaces  arc 
tilled  with  a  fluid,  whicti*  when  in  excess,  is  s^wken  of  as  dropsical  cfa* 
sion.  Air,  artificially  or  accidentally  introduced  at  any  point  into  it,  toit 
pass  to  every  part,  as  is  illustrated  in  cases  of  emphysema.  TIjc  speci- 
men from  which  the  6gure  is  taken  was  in  this  maaner  inflatod. 

By  tlio  dilfercntiation  of  cells  is  meant  the  assumption  of  a  vanation 
DidCTtniJatlon  ii^  tlieir  structure  from  wliich  follows,  as  a  consequence,  i1k 
of  oeH*.  capacity  of  discliarging  new  functions.     When  the  red  snoir- 

ol^a  multiplies,  ns  previously  described,  each  of  the  young  c^Us  resem- 
bles that  frum  which  it  was  derived  iu  stmcturc,  and  discharges  a  simi- 
lar office.  In  such  a  case  there  is  development,  but  not  diflexentiatioii. 
Wlien,  on  the  contrary,  a  lichen  grows  on  a  rock,  though  the  originil 
tendency  in  development  may  have  been  for  the  production  of  cells  from 
the  6rst  germ  absolutely  similar  in  all  directions,  yet  the  clrcmustancci 
of  growtli  are  such  that  very  soon  the  physical  contKtions  under  wliich 
the  cells  of  different  parts  of  the  growing  mass  are  generated  become  dif- 
ferent* Those  which  arc  next  to  the  rock  are  screened  by  the  supeiic- 
cuuibcDt  ones  from  the  smdigbt  and  the  air ;  ihcy  are  tberefore  develop- 
ed in  a  comparative  obscurity,  and  in  the  presence  of  moisture  holding  id 
Acqiiuttion  of  solution  inorganic  salts.  Under  such  circumstances,  it  h  lo 
new  functions,  l^s  cxpcctcd  that  a  modification  will  ensue  in  their  conslrcc- 
tion,  and  that  tiicy  will  be  diftbrcnt  from  tliose  which  arc  developing  ol 
the  exterior  in  contact  with  the  dry  air ;  and,  since  a  change  of  strnctaic 
invariably  implies  a  change  of  function,  we  might  expect,  as  in  rcalilT  U 
tlie  case,  tbat  tlie  outer  cells  are  for  the  obtaining  of  carbon  from  the  air, 
f1)cing  acted  upon  by  the  sunlight,  and  the  under  cells  for  procuring  woisi* 
ore  and  such  saline  substances  as  may  be  wanted  from  the  rock  £ur^oo 
below.  In  such  a  case  as  this  there  is  a  differentiation  both  of  structa 
and  of  function. 

Structural  diffcrcntitttion  is  to  be  received  as  the  cause  of  functio 
DiffertntUtlon  differentiation,  wliich  is  its  consequence.  The  former, 
in  a  regulars-  every  Instance,  arises  from  the  changed  circumstances  uiii 

qa«ncc«P)>ain       ,  .  ,         „  ,     .  ,  ,  .,-   i  ■       t  /•   ■ 

lo  tic  (icutmi-  which  ccijs  arc  being  generated,  and  it  this  change  of  circom- 
ined  i.y  )a«.  stances  follows  a  regular  order  or  sequence,  the  diffcreJilK*- 
tion  will  assume  the  appearance  of  being  guided  by  a  tixed  law.  Man? 
physiologists,  who  Irnvc  not  been  disposed  to  accord  to  physical  agents  a 
due  influence  in  this  respect,  have  therefore  imjjutcd  to  the  devcioi'iug 
ccU  a  power  or  property  oC  e^outaucouiily  pursuing  a  delenninatc  career. 
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It  IS  clear  tliat  the  facts  are  capable  of  interpretation  cither  upon  tlic  doo- 
trinc  that  external  conditions  guide  or  contpol  the  cell  in  its  development- 
al career,  or  that  it,  W  reason  of  an  innate  jwwer,  spontaneously  pursues 
a  determinate  course  in  spite  of  them  ;  determinate,  because  t!iat  power 
is  acting  under  a  law.  The  mixed  doctrine,  which  imputes  the  career  of 
dc\-clopmcnt  in  jwrt  to  the  innate  power  of  the  cell,  and  in  part  to  the  in- 
floenco  of  external  conditions,  it  is  needless  for  us  hero  to  consider. 

No  doubt  can  be  entertained  of  the  fact  that  a  cell  or  congeries  of  ccUa 
viU  differentiate  wben  submitted  to  new  physical  conditions  while  in  tho 
act  of  development.  Thus  certain  licliens  pass  into  forms  analogous  to 
alga*  if  the  normal  conditions  of  their  production  be  reversed — if,  instead 
of  developing  in  places  that  are  dry  and  brightly  illuminated,  they  are 
supplied  with  moisture,  and  made  to  grow  in  obscurity;  and,  in  like  man- 
ner, some  of  tlic  fungi  will  simulutc  nlgie  if  they  are  compelled  to  vege- 
tate in  water. 

The  separation  of  tlic  organ  for  the  reception  of  water  and  tliat  for  the 
reception  of  carbon,  which  is  first  ehadowcd  forth  in  the  under  and  outer 
surfn^ce  of  the  lichens,  is  manifested  in  perfection  by  highly-developed 
plants,  in  which  the  root  discharges  the  former,  and  the  leaves  the  latter 
duty,  and  these  arc  separated  widely  apart  from  each  other  by  tho  a&- 
ccnding  axis  or  stem. 

The  remarks  here  made  respecting  plants  might  be  repeated  as  re- 
gards animals,  which,  during  their  development,  exhibit  the  nifr     ,[,,1- 
princlplc  of  differentiation  even  in  a  more  striking  way.  oribomimsl 
Thus,  in  tho  jirotozoa,  as  in  the  proiopliyta,  cells  undergo 
duplication,  and,  by  development  in  new  positions,  or  undeii  changed  cir- 
cumstances, exliibit   differentiation.      The  trivi.nl  cireumstances  under 
which  now  functions  are  assumed  arc  well  shown  in  Trcmbley*8  cxperi- 
tncnta  with  the  hydra.     Tins  polype,  wliicli  is  nothing  more  Experiments 
than  a  gastric  sac  furnished  with  prehensile  tentacles,  re-  ^iihthehy^ra, 
spires  on  its  outer  surface  and  digests  on  its  inner ;  but  so  closely  aro 
these  functions  blended  together  that,  if  the  animal  be  tnmed  inside  out, 
the  surface  that  did  respire  will  now  digest,  and  that  which  did  digest 
will  now  respire.     Indeed,  we  may  in  an  ideal  manner  con-  j^^^y  difTcren- 
ccivc  of  the  production  of  the  more  elementary  animal  forms  ti»iion  ot  tni- 
as  arising  from  a  simple  wic  or  bag,  which,  furnishing  a  start- 
ing-|X)int,  exhibits  its  first  acquirement  of  localization  of  function  by  the 
doubling  of  one  half  into  the  other,  thereby  giving  rise  to  a  cup  or  pocket 
shaped  form,  so  that  respiration  and  digestion,  which  were  confusedly  and 
conjointly  carriefl  fonvard  upon  the  samp  surface,  are  now  parted  from 
each  other,  the  outside  of  the  cup  being  devoted  to  the  one,  and  the  in- 
side to  the  other.     Increased  endowments  arc  obtained  by  crimping  or 
dividing  llie  edge  of  the  cup,  prehensile  organs  of  less  or  gtcatcc  letvi^U 
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and  power  thereby  arising;  and  this,  in  reality,  is  the  stracture  of  tU 
bydra  just  alladcd  to.  .Viiothcr  advance  is  made  by  the  prepaiatioii  of 
new  and  complicated  structurcis,  fasliioncd  out  in  the  substance  between 
the  inner  and  the  outer  wall,  and  in  this  manner  arise  the  various  medi- 
anisms  for  respiration  and  reproduction.  Such  a  state  of  things  i»  \at- 
sentcd  by  the  Actinia. 

It  will  be  l^:>und,  when  wc  describe  the  development  of  the  higher  am- 
In.iiTi.io«i  imi  mals,  that  a  parallelism  is  observed  between  the  career  of 
rw*  <if  vvinjv     pj^pIj  individual  and  that  of  the  scries  to  wliich  it  liclon^ 

I  hy  diAr*  The  evidence  furnished  by  natural  history  and  paleontology 
proves  that,  in  the  devehipmtint  of  animal  species,  thcjc  bis 
been  an  orderly  progress,  not  so  much  frum  those  of  a  lower  to  tlu>5u«}l' 
a  higher  form,  as  from  the  general  to  the  S|x:cial ;  a  gradual  partiiig  out 
of  structures  and  functions  that  wrro  once  commingled  and  coolescod.in 
ehihoration  which  may  be  attributed  ettlier  to  a  melioration  of  the  cir 
cumstanccs  under  which  species  were  successively  forming,  or  to  the 
innate  power  possessed  by  the  organic  stnictnrc  itself.  Even  at  the  pm- 
ent  time  our  knowledge  of  the  order  of  geological  change  is  sufficnentlj 
exact  to  enable  iia  to  institute  an  inquir)'  into  the  probability  of  the  CQ^ 
Ptfi^mitiiUMi  rcctnc.ss  of  each  of  these  li\-ix) theses,  upon  the  principle  thai, 
^JJJJj[J^*J]?p_  since  there  is  that  jjarallclism  between  the  career  of  individ- 
cunuUBM*.  nal  development  and  race  development,  there  abonld  also  V 
an  analogy  in  the  physic:U  circumstances  under  which  tliey  have  takf£ 
place  Among  conditions  in  animal  development,  two  prominent  unc 
may  be  mentioned ;  they  arc  the  degree  of  temi}cr.ituro  at  which  the  pro- 
cess is  carried  forwai-d,  and  the  quality  or  nature  of  the  medium  supjiW 
for  respiration.  No  doubt  can  now  exist  that,  as  regards  the  fonucr. 
there  has  been  a  gradual  diminution  from  the  cnrly  times,  and  that,  is 
respects  the  latter,  the  quantity  of  oxygen  furnished  in  the  medium  of 
respiration  has  been  increased.  It  has  long  been  observed,  in  a  gcncnl 
way,  tluit  there  is  a  correspondence  between  the  activity  of  rcsjtiratior 
and  the  degree  of  animal  endowment,  both  os  regards  the  individual  ooii 
inAueriMtor  *''*^  ""^^0.  Tlic  provision  made  for  the  more  perfect  conduc- 
the  m<riii      lion  of  the  process  from  the  moment  that  the  embryo  exhilals 

""''  any  artcrialization  of  its  blood,  is  always  attended  with,  it*  il 
is  not  the  cause  of,  increasing  animal  jwwer.  Tlie  supply  of  oxygen  »l 
the  first  pcnod  ia  very  ini|>erfect,  but  instrumental  moana  are  Lntrodiu«<l 
in  succession  to  increase  the  amount.  When  a  mere  membrane  his  be- 
come insulEcient  to  meet  the  requirements,  branchite  are  resor^d  to,  ftnu 
these,  in  their  turn,  arc  replaced  hy  lungs.  In  a  douUJc  way,  thcreton, 
An  increased  supply  is  secured,  by  alterations  in  the  mechanism  obtun* 
ing  it,  which  gradually  beco-  »ro  and  more  adapted  to  thi>  cm!  it> 

new,  or  by  variatim  conslitutiuu  of  the  medium  wliiQb 
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tomisliea  it,  Tims,  in  llie  ilevelopment  of  a  nianiinal,  the  first  nntl  lim- 
ited, aupply  of  oxygen  is  froni  the  jwrtion  contained  in  tlie.  liquids  of  the 
ovam  ;  a  far  more  copioas  one,  at  a  later  period,  is  derived  {rom  the  pla- 
ceotul  mccluinisin  ;  but  these  subordinate  statejj  eventually- give  placu  to 
the  direct  respiration  of  the  ojjen  atmospheric  air.  Aa  this  graduul  inarch 
in  the  evolution  of  the  respiratory  function  is  going  forward,  it  is  attend- 
ed by  a  corresponding  development  of  all  the  animal  capabilities. 

So,  too,  on  tlic  great  scale  with  genera  and  species.  In  the  impure  at- 
mosphei-G  of  the  carhest  geological  times,  it  was  not  possible  tluit  energet- 
ic respiration  could  be  carried  on  either  by  aquatic  or  by  aerial  animals.  < 
Both  may  bo  included  in  the  rcnim'k,  for  it  is  demonstrable  tliat,  on  ordi- 
nary physical  principles,  there  must  ever  be  a  cortcsfwndence  between  the 
chcjnical  constitution  of  the  atmospheric  air  and  tho  gas  of  respiration 
dissolve<l  in  tlie  sea,  or  other  naturid  waters.  Abundant  geological  evi- 
dence is  Ix^forc  us  to  the  etTcct  that  tlio  entire  respiratory  medium,  both 
atmospheric  and  aquatict  has  passed  through  a  gradual  amelioration,  tho 
percentage  amount  of  its  irrcspirablc  elements  declining,  and  that  of  its 
oxygen  correspondijjgly  inci-casing.  The  removal  of  those  jirodigioua 
maasce  of  carbon  deposited  as  coal  satisfactorUy  establishes  this  point ; 
,and(  therefore,  as  far  as  that  mrdium  is  concerned,  there  is  a  general  rc- 
BembUnce  between  the  conditions  under  which  the  entire  animal  series 
and  tlie  single  individual  have  been  placed. 

We  miglit  include  in  these  remarks  the  vegetable  as  well  ns  the  ani- 
mal scries;  for,  as  respects  flowering  plants,  it  is  the  sjxiciai  function 
of  their  tioral  or  reproductive  apparat\is  to  discharge  at  a  particular  e|K)ch 
the  functions  of  an  animal  in  taking  oxygen  from  the  air,  and  replacing 
it  by  carbonic  acid.  There  would,  tlierelbre,  be  no  cause  for  surprise  if, 
in  that  ancient  carbonated  atmosphere,  cr^'ptogamic  plants  alone  could 
maintain  themselves,  and  tlmt  the  flowering  tribes  could  only  a])pear  after 
a  due  change  in  the  aerial  constitution,  which  also  gave  to  hut-bloodcd 
animals  tlie  opportunity  of  coming  forth.  That  change,  as  we  have  said, 
consisted  essentially  in  the  appearance  of  a  great  excess  of  oxygen  gaa.! 
Such  a  superlicia]  examination  of  the  question  shows  that  tliei'o  is  a  par- 
allelism between  the  physical  conditions  under  which  the  animal  scries, 
in  the  lapse  of  countless  centuries,  hna  been  placed,  and  those  to  which, 
in  tiie  shorter  period  of  its  history,  llie  developing  imlividual  is  submit- 
ted, at  least  as  resjKWts  the  resjiiratory  function.  But  it  is  to  be  rc- 
jnerobcrcd  tliat  respiration  is  the  prime  function  in  the  animal  economy. 
Aa  regards  the  inHuenco  of  heat,  it  has  been  remarked  in  the  preceding 
chapter  that,  at  the  ]>eriod  of  the  first  appearance  of  organic  inmunce  of 
ibrms,  there  was  not  oidy  a  liigh,  but  likewise  a  unifonn  tcm-  *>«*•- 
peraturc  all  over  the  globe.  The  evidence  establishing  tlus  is  already 
,vcn  ;  but  ii'  thus,  iu  what  might  be  termed  the  infancy  of  the  organic 


scries,  siicli  n  perfect  unilbnnity  In  the  condition  of  temperature  ol^iain- 
etl,  the  game  is  oltcn  observed  in  the  first  periods  of  individual  develop- 
nient.  The  circumstances  under  wliich  the  ovum  commence-s  its  catee, 
even  in  the  highest  tribes,  insure  for  it  a  periect  relief  from  every  van*' 
lion  of  heat.  Included  in  the  body  of  the  tcmale,  it  U  cut  otf  &oro  all 
external  causes  of  disturbance,  end  kept  at  the  temperature  of  her  bodr, 
-wliatcver  that  temj^craturo  may  be.  In  tliose  cases,  as  in  bird.s  in  vrhidi 
tlie  embryo  is  developed  under  circumstances  of  necessary  exposure,  a 
strong  instinct  is  called  into  operation,  and,  by  the  incubation  of  the  pa- 
rent, the  necessary  uniformity  is  secured.  Agaui.  in  other  instances,  as 
in  the  ova  of  insects,  wliich,  by  reason  of  their  minuteness  and  their  fre- 
quently cx[Xised  position,  idtliough  they  may  run  through  tJieir  earliu' 
changes  witli  relatively  great  rapidity,  some  accomplisliing  them  in  the 
almost  uniform  ivanuth  of  a  summer's  day,  develoj)ment  never  does  not 
can  occur  until  the  required  condition,  even  if  it  be  temporary,  as  to  uni-  ^ 
formity  of  temperature,  is  i-eached.  ^H 

These  considerations,  though  not  affording  an  absolute  proof  that  ffl^^ 
career  of  development  is  guided  by  the  influence  of  external  pbysieil 
conditions,  arc  sufficiently  significant  to  cast  an  air  of  probability  cm 
that  doctrine ;  and  even  if  we  adopt  the  view  that  the  developing  genu 
possesses  a  plastic  power,  which  spontaneously  compels  it  to  run  forinrd 
from  stage  to  stage  in  a  predestined  career — if  we  recall  what  has  already 
been  said  respecting  that  plastic  power,  that  perhaps  it  is  itseli'  nothing 
more  tlian  a  manifestation  of  the  remains  of  antecedent  phj-sical  impres- 
sions, wc  are  really  brought  back  to  the  same  starting-point;  and,  under 
any  hypothesis,  wc  encounter,  sooner  or  later,  as  a  necessary  postolate, 
the  grand  doctrine  tliat,  directly  or  indirectly,  development  is  a  tunctioo 
of  external  physical  condition. 

It  is  not  to  Ix)  supposed  that  diflenmtiation  lakes  place  with 
Epo«h»  of  dif.  case  at  all  pcriofls  of  the  history  of  organic  forms,  whe 
fcreiiUAtinn.  y^Q  cousidcr  tlicm  in  the  great  scale,  as  constituting  the  ani- 
mal scries,  or  on  the  small,  in  the  individual.  There  are  undoubtedly 
cpoclis  in  each  of  their  histories  at  which  tlio  exertion  of  an  external  in- 
fluence will  produce  an  effect  infinitely  greater  than  that  whidi  would 
occur  at  any  other  moment.  If  wc  may  be  pcnnitted  lo  use  such  a  me- 
chanical illustration,  the  career  of  an  organism  recalls  tho  llight  of  i 
heavy  projectile,  as  a  shell,  llirown  upward,  whieli,  at  the  first  momeats 
of  its  ascent  and  the  Inst  of  its  descent,  pursues  its  way  irresistibly,  but 
when  it  is  at  the  top  of  its  flight,  and  the  momentum  which  bad  been  im- 
imrted  to  it  is  just  ceasing,  tlic  slightest  breath  of  air,  or  the  exertion  of 
any  other  insignificant  force,  will  divert  it  into  a  path  different  from  that 
in  whicli  it  would  have  gone ;  and  so,  in  the  career  of  an  organism,  there 
arc  moments  when  forces,  wbicU,  at  another  time,  would  have  been  ontclt, 
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can  bring  on  iliffereiitiation,  and,  tlirongli  it,  call  into  existennn  new  func- 
tions, and  thereby  tbrever  determine!  a  new  course,  through  which  it  must 
pa88.     It  is  liccnusc  a  due  weight  has  not  been  given  to  this  considera- 

■  tion  that  many  physiologists  have  depreciated  the  influence  of  external 
circumstances,  or  even  denied  it  altogether,  for  they  have  assumed  that, 

»  since  "U'c  can  not  produce  a  more  marked  change  tlian  we  do  in  the  way 
of  accomplishing  a  variation  in  species  by  artificially  altering  the  condi- 
tions under  which  they  exist,  such  conditions  can  have  had  but  little 
_    power  ill  bringing  them  to  their  present  state. 

■  Upon  the  wiiole,  there  con  Iw  no  doubt  that  dilTercntiation  will  occur 
in  a  more  marked  manner  according  as  the  exciting  imprcs-  Orsanic  ohan- 
sion  is  made  at  an  earlier  jieriod  of  the  orgsinic  career.  Con-  fJ*i^h/rtS 
vcxsely,  the  more  advanced  tlie  organism,  the  less  the  prob-  r^riwia  of  life. 
ability  of  differentiation.  For  this  reason  it  is  that  striking  changes  of 
this  kind  arc  rarely  witnessed  in  individual  life:  they  occur  chiefly  in 
the  first  embryonic  states,  and  tlicrefore,  for  the  most  part,  require  for 
their  full  manifestation  generation  after  generation.  Groat  organic  varia- 
tions arc  not,  then,  to  be  cx|)ected  in  the  individual,  though  they  may  be 
distinctly  manifested  in  the  course  of  tliuc  by  the  race  to  which  it  be- 
longs. 
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OF  nEPROnUCTIOX  AST>  DEVELOPJIENT. 

Relation  cf  Orgmic  Iki>v}» :  tha/  come  /rom  a  similar  CcU  and  dertlop  to  SffertHt  Pbititt, — 

TXa'r  Divieion  hy  04UfiJiruH'm  %m jMititmt, — Detthftmmt  and  IMffcrenti^itwu. — IfomagtHetiM 

tmd  Hetervytnet^. —  Thttf  defxnd  on  jthifsical  Omditiini*. —  TKe  reproductiit  titate  cioHM  De- 

veiapmnt. 
DaxiapKieMt  ut/nm  tAe  Gentral  to  the  Sfif^vii. — Zaw  of  Vor  Ddr. — latariiUtte  ^e^aeHs  m 

Jj^artntiation. 
Or  RBTOODrcTiON :  1^/.  Uy  (imfraHoK. —  Chnjugatloit  am/  FVoMmU. —  Tfw  Sjierm-all:  ita 

ProdiKtmn. — Sj>enH(U03oa. —  The  tjrrm-afl:  iu  Prwiutlxon. 
Ovum  u  tit-  Ovary. — lu  Stractm-e.. — QtrjMS  fjtttvm. 

OvwH  id  (Ae  Oviduct. — MvS>crry  Mas*. — (ierminal  Membrane. —  7%e  Cfforion. 
Owm  ID  the   L'lfrus. — Mrmbrana  Deciduu. — J'lacentti, — /jnelopmeTtt  of  tht  Emhr^. — T^xtf 

o/*  N'ntrition. — O/'  Coacfjiti^tn. — Of  CfStation. — 0/  I'artHrition. — Inftmnrr  of  hoik  I'aratt*. 
2d.  Bg  (Jtmmation. — Hvdiiintf  of  Piantg  tmd  Aniaols. — 0/  (JrqfHnif.—IAtmt  <if  Gimmotioti.— 

IiffimHce  ^  Tanpenlure  on  (Jeimualion. 
AbematianM  of  (7eneration. — /u  Kxjilanaikm. 

In  the  |x)pulnr  view  of  the  organic  world,  each  individual  being  is  re- 
garded as  maintaining  an  existence  independent  and  irre-  Pop ular  view 
spectivc  of  all  others,  or,  at  most,  only  connected  with  those  ?,en|l|!n«^or- 
of  itB  own  race  or  kind.     "Without  any  apparent  disturb-  ganic  being*. 
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snco  of  the  general  system,  tliia  or  that  species  or  gcnos  might  ncra 
hare  existed,  since  it  stands  in  no  relation  as  being  the  product  of  othen, 
nor  as  having  been  concerned  in  giving  origin  to  others. 

But  these  superficial  conceptions  ore  now  to  be  replaced  hj  others  <( 
a  far  more  general  and  philosophical  order,  which  present  to  us 
organic  creation  under  an  aspect  of  sublime  grandeur,  each  clis> 
of  beings  standing  in  an  intcreouiiiiuuication  or  couneijiiou  with  others— 
a  part  of  a  plan,  the  manifestations  of  wliich  are  not  limited  to  the  fonns 
now  existing,  but  also  include  tliose  presented  b)-  the  ancient  geological 
times.  These  views  cast  a  flood  of  light  not  only  upon  the  relations  of 
the  various  races  of  life  to  one  anoUicr,  but  also  of  the  human  family  to 
them,  illustrating  the  course  througli  which  mun  has  hitlierto  passed,  tod 
indicating  that  through  which,  in  future  ages,  he  is  to  go. 

Starting  iroin  a  solitaiy  cell,  development  takes  place,  and,  accordiE^ 
AllorBmlcbo-  as  c:strancous  forces  may  be  brought  into  action,  variable  in 
ttlfs^r'crm  *^^  nature,  and  differing  in  their  iiitensity,  the  resulting  or- 
orcvU.  ganisms  will  diflcr.     If  such  language  may  be  used,  tlie  aim 

of  Nature  is  to  reach  a  certain  ideal  model  or  archetype.  As  the  pas- 
sage toward  this  ideal  model  is  more  or  less  {Hirfectly  accomplislicd,  fonn 
after  form,  in  varied  suceeBsion,  arises.  The  original  substratum  or  lis- 
teria] is  in  every  instance  alike ;  for  it  matters  not  what  may  be  the  class 
of  animals  or  of  plants,  the  primordial  germ,  as  far  as  investigattva  haa 
gone,  is  in  every  instance  the  same.  The  microscope  shows  no  diifcr- 
ence,  but,  on  the  contrary,  demonstrates  the  identity  of  the  fu-»t  cell, 
which,  if  it  passes  but  a  little  way  on  its  forward  course,  ends  In  fce- 
Ecntiiig  the  obscure  cryptogoniic  plant,  or,  if  it  runs  forward  tonrartl 
tcacliiiig  the  archet^i)C  ends  in  the  productiou  of  man.  The  divouty 
of  form  that  is  eventually  presented  depends  then,  not  upon  the  consti- 
tution or  aspect  of  the  primitive  cell,  but  upon  the  influence  of  the  manr 
fiurrounding  agencies  to  which  it  is  exposed.  In  one  mstauce,  through 
Tho  primiUro  the  iutcrworking  of  these  agencies — [jerhaps  by  ce^isatiou  of 
»lnlto*dima^  ^^^  **^  perhaps  by  its  increased  intensity — developmcni 
ent  point*.  comes  up  rapidly  to  a  certain  point,  and  there  stops.  In 
another  ease,  tlirough  change  in  the  conditions,  it  runs  to  a  further  de- 
gree, and  there  stops.  Organic  beings  ore,  therefore,  the  materialixd^ 
embodiment  of  what  must  lake  place  tlu-ough  the  action  of  given  farces, 
of  a  given  intensity,  and  under  given  conditions,  on  an  evolving  cA'* 
Tlw  elawiflca-  and,  though  it  may  suit  the  purposes  of  description  to  dossier 
iibt'ry  ^"ikl  ^^^^^  *"**^  orders,  genera,  species,  or  other  such  subdivisions. 
uuoiii.  it  must  never  be  forgotten  that  these  aie  artificial  fictions, 

and  have  no  real  foundation  in  nature. 

Not  only  is  the  primordial  cell  in  all  instances  the  same,  but  tbefint 
stages  of  its  career  01*0  in  all  instances  identical,  and  this  whether  irt 
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Eonsidcr  it  in  the  lovrcst  or  the  Iiighest  cnses,  belonging  cither  to  tlio  veg- 
etable OT  ihc  animal  kingtlonu  It  is  a  process  of  repetition  or  reproduc- 
tion, cell  arising  from  cell.     And  here  at  once  we  may  correct  the  lan- 

piAge  so  often  used — indeed,  which  we  have  ourselves  just  used  in  this 
|C0pcct«  for  such  terms  as  high  and  low  are  only  to  be  employed  in  a  very 
restricted  Bcnsc.  The  evolving  cell  gives  rise  to  other  ccUsi  but  tor  a  pe- 
riod of  time  no  indication  is  presented  as  to  which  of  the  two  kingdoms 

t  is  to  belong,  animal  or  j)lant.  By  degrees,  as  the  develop^  Develoitraent 
DKnt  goes  on,  that  jwint  is  determined,  and  so,  one  after  an-  '■  ai'^nJeJ  I'.v 
Mher,  the  unfolding  mass  gradually  reveals  tlie  class,  order,  cvoiviaKofpc 
fiuaily,  genus,  species,  and,  finally,  its  sex  and  individual  jie-  culiftriiics. 
Euliarilics.  In  all  tliis  there  is  an  evolving  of  the  siieeial  out  of  the  gen- 
eral ;  one  after  another,  peculiarities,  which  arc  more  and  more  minute, 
Rrisc ;  and  thus  wc  arc  not  to  regard  the  progress  of  development  as  tak- 

ng  place  from  the  lower  to  the  higher,  forms  that  arc  more  and  more  com- 

Aex  arising  in  succession,  but  wo  arc  to  regard  it  as  the  gradual  unfold- 

ng  of  the  special  IJom  the  generah 

This  career  of  development  applies  equally  to  the  case  of  any  individ- 
bol  animal,  or  any  race  of  animals.  Thus  man  himself,  In  AniUofr>-ofdtv 
Buccession,  {lasses  through  a  great  variety  of  fonns,  from  the  IjJ"(I,j,'"IjJjj 
condition  of  a  simple  cell;  these  forma  merging  by  degrees  andinilienuw. 
into  one  another,  the  form  of  the  serpent,  of  the  tish,  of  the  bird,  and  this 
Dot  only  as  regards  tlio  entire  system  in  tlio  aggregate,  but  also  as  re- 

^ds  each  one  of  its  constitnent  mechanisms — the  nervous  system,  the 

ircidatorj',  tlie  digestive.     Now.  on  the  passage  onward,  these  forms  arc 
bo  regarded,  as  has  been  well  expressed,  eacli  one  as  the  seaSbldlng 

ty  which  the  next  is  built;  and  just  as  man,  in  his  embryonic  transit, 
isents  these  successive  aspects  on  the  small  scale,  so  docs  the  cuturc 
imimal  series  present  them  iu  the  w^orld  on  the  great  Bcalc  Baces  of 
animals  arc  not  to  be  compared  as  though  they  vriTC  more  perfect  or  low- 
er than  one  another,  but  as  having  advanced  more  or  less  in  the  direction 
firoDi  the  general  to  the  special ;  and  therefore,  in  this  philosophical  view, 
^e  arc  justified  in  regarding  those  animated  forms  which  heretofore  have 
been  spoken  of  as  lower  in  tlie  animal  scale  as  being,  in  reality,  the  cm- 
Inryos  of  those  that  are  higlici*;  and  this  should  lead  us  to  a  juster  eati- 
Inatc  of  their  relation  of  value  toward  one  another,  since  we  are  very  apt 
do  contrast  them  iu  that  respect.  In  the  case  of  an  individ-  VAia«  or  fi- 
lial, as  in  man,  wc  put  at  once  a  true  intcrjiretation  on  the  ^'ryooic  rum*, 
value  of  the  various  transitory  conditions  tlu-ough  whicli  be  has  passed, 
Mtimating  these  as  of  but  little  intrinsic  importance;  as  being,  as  it  were, 
■o  more  than  links  in  a  chain ;  and  this  may  teach  us  a  more  just  appre- 
ciation of  the  relations  of  animal  races  to  one  another  and  to  the  human 
It  may  teach  ns  the  folly  of  comparing,  as  some  have  cndcav- 
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OTCtl  to  do.  the  nnimol  tribes  with  oorselves;  of  mcastiring  tlu?ir  instinct! 
with  our  mental  operations ;  things  which  are  dilTcrcnt  terms  of  two  dif- 
ferent scries,  and  things  which  arc  incommenBanblc. 

There  arc  three  cases  in  which  wc  might  consider  this  corecr.  These 
are,  first,  in  the  development  of  particular  organs,  as  the  digestive,  k»- 
piratory,  or  circulatory ;  second,  in  the  development  of  individual  bcii^ 
ivhich  pass  in  their  onwurd  pro^ss,  as  wc  have  said,  through  vanooi 
forms  in  succession;  third,  in  the  development  of  species,  prcsentiitg 
what  have  been  formerly  designated  as  successive  stages  of  increuii^ 
perfection.  For  all  these  various  cases  a  single  illustration  may  snfia. 
I  Hum  ration  of  TIius,  ill  thc  primitive  period  of  lite,  a  single  membrane  di»- 

the  nabltiinff    charffcs  promiscuouslv  and  contemporaneously  all  the  n- 

of  the  apedAl      .  .     ^       ..  .,    j.  ' ..  .  . 

flVom  Um  gen-  nous  organic  functions — it  digests,  it  respires,  it  secivtes: 

••*^-  but,  a  little  advance  onward,  special  portions  of  it  are  allot- 

ttnl  for  one  and  another  of  these  uses,  and  a  localization,  a  ccntraUestioa 
of  function  cnsnes,  and  things  that  were  mixed  in  confusion  become  w[>- 
rratc  and  distinct.  As  tlie  pass^igc  onwanl  is  made,  still  farther  special- 
izations are  introduced,  nnd  so  on  in  succession.  Thus  nt  tlie  two  ex- 
tremes we  may  contemplate  the  single  germinal  membrane  of  the  otbib, 
which  is  discharging  contemporaneously  every  function — digesting,  ab- 
sorbing, respiring,  etc. — and  the  complete  organic  apparatus  of  mnn,  tlie 
stomacli,  thc  lungs,  the  skin,  thc  kidneys,  and  the  liver — mechanisms 
set  apart  each  for  the  discharge  of  a  special  duty,  yet  each  having  arisen, 
as  wc  know  positively  from  watching  their  order  of  development,  &on 
that  simple  germinal  membrane.  We  must  not,  therefore,  jicnnil  om* 
selves  to  be  deceived  by  tlic  appearance  of  complexity  lliey  exhibit, 
since,  intricate  as  may  be  their  construction,  they  have  xdl  arisen  thrtwgh 
gradual  centralization,  one  duty  being  separated  from  another,  and  \a^' 
ing  an  appropriate  mechanism  for  itself;  and  so,  at  last,  it  comes  to  pu> 
that  even  thc  minutest  conditions  are  discharged  by  a  special  part 
Thus,  in  thc  kidney,  thc  salts  arc  removed  by  one  portion  of  the  »tiiK> 
ture  and  the  oi^nic  constituents  by  another ;  yet,  even  in  these  ut- 
most conditions  of  refinement,  tlie  primitive  condition  is  at  all  times 
ready  to  be  reproduced,  and,  when  driven  to  it,  each  of  these  stnictnitt 
can  act  vicariously  for  thc  others,  nnd  discharge  for  the  others  their 
duty. 

It  is  unnecessary  for  our  purpose  to  multiply  instances,  since  ctcij 
page  of  natural  history,  comparative  anatomy,  and  embryology  preacola 
tliem  in  abundance;  but  it  may  be  to  thc  purpose  to  remark  that  ibifl 
doctrine  leads  to  more  worthy  conceptions  of  thc  system  of  nature; 
for  if  wc  suppose  that  there  has  been,  in  thc  case  of  the  animal  sciies, 
a  passage  from  things  that  are  less  perfect  to  things  that  arc  raort  «o, 
though  this  may  be  ogrccaHis  \o  o\xx  tiv;\i  tT^jcrieucc,  which  is  esstf** 
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tiallj  tentative,  it  gives  us  very  base  notions  of  tlie  manner  Ca»  nature  of 
in  which  natural  operations  urc  conducted,  since  wc  can  not  vi*J^nli"or. 
divest  omselves  of  the  idea  that  sach  a  passage  from  impcr-  b»w»o  ^orlj. 
feclion  to  perfection  implies  trial,  verification,  and  improvement :  a  pro- 
cess which,  though  it  is  suited  io  the  limited  knowledge  of  man,  is  not 
in  accordance  with  the  precision,  pcrtc'otion,  and  cncrgj-  of  Nature,  and  is 
to  be  rejected  the  moment  we  consider  that  we  deal  with  the  acts  of 
Omniscience  and  Omnipotence.  3£orcovcr,  that  erroneous  view  leads  to 
fallacious  estimates,  both  in  the  animal  series  and  in  the  individual^  of 
Ihe  character  of  trausitoiy  farms,  confcrnng  on  them  too  much  inde- 
pendence, and  therefore  too  much  dignity;  for  the  transitory  forms  of 
Brobiyonic  life  and  the  forms  of  animal  sjwcics  arc  the  etiuivalcnts  of 
each  other. 

Kvcry  living  Ijcing,  therefore,  springs  from  a  germ,  whicli  will  develop 
itself  into  the  likcutss  of  its  j)arent,  provided  it  is  submit-  c«recr  ami  tiop- 
ted  to  the  same  conditions  tlirondi  which  its  parent  iMtss-  I'^p*  *"'""  '^''^f'- 
eu ;  but  il  the  conditions  be  cnurig<Ml,  it  will  either  take  j„uiU  oa  vxtu-. 
on  a  new  aspect,  or  if  they  have  Womo  incomiMitiblc,  it  °"'  «»iiJit»<«i». 
will  cease  to  exist.     Similarity  of  development  depends  on  similaritj'  of 
condition,  as  is  abundantly  proved  by  sucli  instances  as  the  almost  pei*- 
bct  resemblance  of  the  two  sides  of  the  body,  which,  in  reality,  may  be 
reganled  as  distinct  individual  forms.     To  tiic  proof  thus  derived  from 
niateral  symmetrj'  as  occurring  in  man  might  be  added  such  suggestions 
IS  arise  iiom  the  well-known  resemblance  of  twins;  and  as  identity  of 
Bondition  will  thus  give  origin  to  analogy  of  development,  so  we  may 
airly  infer  that  difference  of  condition,  no  matter  in  wiiat  respect  the  dif- 
brcnce  may  be,  will  give  rise  to  ditTerence  of  structure  j  thus  experienced 
^dcners  have  shown  that  the  sex  of  Howers  is,  to  a  very  great  extent, 
determined  by  the  brilliancy  of  the  light  in  which  they  grow.     JDitFer^ 
cnee  in  tiie  supply  of  nutritive  material  removes  the  spines  from  one 
llant,  or  doubles  tho  flowers  of  another,  by  changing  its  stamens  into 
ictals,  or  alters  the  cycle  of  career,  and  makes  annuals  into  biennials. 
As  illustrations  of  the  complete  changes  of  form  during  development, 
Pt^ui.  *fa*s  tlirce  following  cases  may  be 

presented :  in  Fi^.  241  are  shown 
the  ova  of  the  frog,  wluch  are  trans- 
parent spherical  bodies,  containing 
a  dark  globtUe.  From  this,  by  de- 
velopment, the  tadpole,  wliich  is  a 
true  fish,  breathing  by  gills,  arises. 
i>a»i«i«ientofu»fro»    '  jhe  figurcs  represent  a  side  and 

er  view.     After  growth  has  taken  place  to  a  ccrlain  degree,  a  change 
structure  becomes  apparent,  Umbs  gradually  emerging,  and  the  aiti- 
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inal.  ftftcr  passing  tliroogh  an  inter 
uiediale  state,  evcntTwilly  loses  its 
gills  and  tail,  ceases  its  aquatic,  and 
commences  aerial  respiration,  «nd 
shows  tlio  aspect,  Fig.  242,  of  tJH 
.  perfect  &og. 

Fi^.  243  represents  tlte  moam- 
ive  metamorphoses  of  the  Garciau 
nin-nas,  or  edible  crab,  as  given  by  Mr.  Couch.     A  represents  the  animal 


r^iG. 


IHvftlopmMl  of  Um  eimbb 

on  its  emei^nce  from  tho  ^g.  It  has  a  hemispherical  sliield  on  the 
head  and  tliorax,  with  a  projecting  spine,  a  tail  formed  of  six  scCTiwiit** 
tlic  two  last  being  joined  latemUy.  The  second  form,  at  H,  cjthibjts* 
great  change :  the  spine  has  disappeared,  the  shield  is  depressed^  tlie 
eyes  on  footstalks ;  there  arc  claws,  and  tho  tail  is  often  carried  bent 
luidcr  the  body.  AXHicn  ih'is  sliell,  like  its  prfideceasort  has  beai  e«rt, 
the  third  form,  C,  is  assume<l,  the  transition  adapting  the  animal  fct 
walking  rather  than  swimming.  The  linal  form,  1>,  is  taken  on  at  ^ 
next  raoult,  and  now  ilevclopment  ceases,  and  gruwth  only  takes  pUce. 
Fig.  244  illustrates  the  metamorphoses  of  a  Irpidoptcrous  instct,  tl)e 
pfff.  244.  Bombyx  mori,  or  motli 

of  the  silk-worm.  Ftom 
tlie  e^B  there  arises  i 
caterpillar,  which  not  wi- 
ly possesses  the  mcana  of 
locomotion  by  feet,  etCi 
but  also  contains  witiiin 
it  the  rudiments  of  tlic 
organs  to  be  eventually 
assumed.  In  this  »taW 
tlie  insect  posfics  cn^ 
the  name  of  a  larva,  bcca\ken  it  is  covered  with  a  series  of  teguments 
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Iiicht  like  tnnsks^  conceal  the  interior  structure.     These,  in  succession, 
irc  cast  oS, 

After  many  such  aucccsaivc  castings  of  the  skin,  the  insect  enters  into 
Ike  pnpa  or  chrysalis  state.  It  has  no  or^ns  of  locomotion,  nnd,  as  it 
BaA  been,  -n-ith  sonio  degree  of  imagination,  said,  becomes  an  egg  again, 
^fter  resting  in  this  state  for  a  certain  time,  it  bursts  its  conlincment, 
knd  assumes  the  form  of  an  aerial,  aivitVmoving  winged  insect.  This  is 
Its  ima«)  stale. 

It  will  now  be  convenient  to  give  a  moro  jjreciao  definition  to  terma 
which  Iiave  been  liithoj-to  used  with  a  certain  hititude. 

By  the  term  growth  is  to  1)C  understood  the  increase  in  size  of  a  struc- 
ture, without  its  assuming  any  varialion  a3  respects  the  na-  ncrtnliion  ©r 
ture  of  its  fabric  or  of  the  functions  it  discharges.  f^illiin*"  wS 

By  differentiation  is  meant  an  increase  involving  raodifica-  d«v»aoi.meiit. 
tion  of  fabric  and  the  assumption  of  new  function. 

By  development  is  meant  a  differentiation  of  a  higher  order,  or  com- 
poond  diD'erentiation.  Usually  it  implies  growth  and  differentiation  con- 
jointly. 

As  illustrations  of  the  preceding  definitions,  it  may  be  said  that  a  crya- 
fcal  grows,  its  enlargement  presenting  no  stnictural  variation  and  no  new 
quality.    Ceils  differentiate  from  tlieir  normal  spherical  form,  and,  assum- 
ig  a  cylindroid  figure,  give  origin  to  vascular  tissue,  the  vessels  so  aris- 
ig  serving  for  new  purposes,  as  for  the  conveyance  of  gases  or  liquids, 
seed  devoJops,  for  tlie  organism  to  which  it  gives  rise  not  oidy  offers 
nlinually  increasing  dimensions,  but  at  all  points  Ihc  origination  of 
vel  structures,  arising  by  diffcreiiliation  from  adjacent  and  pre-existing 
mes,  tiieac  new  structures  having  also  new  functions. 
By  Uomogcncsis  is  meant  tlic  production  of  an  organism  in  all  respects 
;e  its  parent;  by  hctcrogcncsis,  the  production  of  an  or-  ji^„y,.p,j„i, 
ism  unlike  its  parent.  and  Uctvrocen. 

For  the  sake  of  brevity  and  simplicity,  we  may  suppose  "'*" 
at  there  resides  in  every  germ,  and,  therefore,  in  every  organism,  a  prin- 
iple  or  quality  which  governs  the  collocation  or  grouping  of  new  parts, 
same  to  wlucli  allusion  lias  heretofore  been  made  undtir  the  dcsigna- 
non  of  plastic  power.  It  is  unnecessary  for  us  here  to  burden  our  con- 
ptions  of  such  a  [wwcr  with  any  liypothescs  respecting  its  nature,  it 
ang  understood  that  we  use  t!io  title  of  this  3up|)0scd  agent  only  as  an 
kxpression  of  convenience. 

'    The  production  of  every  organism  appears,  as  far  as  existing  obsejva- 
Sons  and  experiments  go,  to  lie  referable  to  a  previously  ex-  j^^,  an%n\c 

Mine  oTiraniam.     This  beine  admitted,  generation  and  repro-  m»icctiie  iiie 

a     .'        ■       1  .1    •*  ^-  •    .  •  II      Hnt  of  origin. 

Suction  jmply,  as  their  startrng-potnt,  an  organic  molecule.  '  ** 

Inch  a  combination,  furnished  with  nutrition,  grows,  its  plastic  power 
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grouping  ttie  new  niatcmi.  Bat  sucli  a  growth  can  not  take  place  to  nj 
extent  without  a  vorialioii  being  encountered  in  the  suirounding  condi- 
tions, and  the  instant  tJutt  this  occurs,  differentiation  ensues  as  ita  neces- 
sary consequence  tJrowtli  under  changed  circumstances  is  then  diflicr- 
ctitiation.  If  tlio  order  oC  variation,  as  regards  condition,  is  eieactly  tk 
Condiiion  for  ^*'"®  "*  *^*®  *^*^^  **^  ^^^  growing  and  diHcrcntiating  comln- 
simUaritr  of  nations,  their  career  of  development  will  be  exactljr  alike,  ml 
dsvdopnMQL  jIj^  forms  they  will  present  at  tlie  same  epoch  of  tlieii  coone 
will  bo  the  same  According  as  the  career  is  short,  the  probubilitiBS  cf 
identity  ore  greater,  since  tlic  chances  of  variation,  which  miglit  be  en- 
countered in  the  two  cases,  arc  le^s.  But  wiiere  the  career  is  more  pro- 
tracted, and  many  conditions  in  succession  must  be  encountered,  it  can 
not  happen  tliat  there  will  bo  an  exact  resemblance  in  the  course  of  tvo 
organic  oombmations,  and  therefore  there  never  can  be  an  absolute  iden- 
tity in  the  aspect  of  any  two  resulting  forms. 

The  general  result  of  evciy  development  is  heterogeneais.  No  parent 
n«TelDi>meni  organism  over  reproduces  another  absolutely  like  ilscU'.  tu>- 
ututa  to  hoto.  ^^^  it  be  in  the  lowest  developed  types,  in  which  the  opjw- 
ngcnouL  tunity  for  change  is  at  a  minimum.  Homogenesis  is  only  ap- 
proached as  the  conditions  brin^ni;,'  on  dilTerentiation  approach  siiniUn- 
ty ;  it  thcrcfure  t>inks  iiito  a  Bpcciul  case  coming  under  a  more  gcnenl 
law,  and,  indeed,  speaking  with  exactness,  wo  might  say  that  in  the  uJi- 
ural  world  it  never  occurs,  the  prevalent  notion  which  roganls  it  as  the 
rule  and  hctcrogencsis  as  tlic  exception  being  altogether  illusory.  E** 
ery  grade  of  organism,  vegetable  and  animal,  furnishes  us  with  exanif^ 
of  this  truth.  Let  us  look  for  a  moment  at  the  highest  tribes ;  and  is 
Uicm  reproduction  never  takes  place  except  by  pairs  of  individuals  of  dif- 
ferent sexes.  Kigorously,  therefore,  the  births  should  also  be  by  painof 
different  sexes,  ^loreover,  if  it  bo  necessary  in  these  general  and  supo^ 
ficial  considcnitions,  let  us  direct  our  attention  to  the  s^^ecial  case  of  niaib 
The  infant  necessarily  ditlcrs  from  one  of  its  juirents  in  eex,  and  from 
Loth  in  size,  weight,  endowments,  and  jdiyMcal  attributes.  It  is  h'kc 
ncitlier  of  them.  The  popular  notion  may  suggest  that  a  closer  rcscm- 
Maiico  will  be  reached,  perhaps,  after  the  lapse  of  thirty  or  forty  year^ 
when  a  nearer  approach  to  the  fonn  of  one  of  the  parents  may  be  oiTcrcd 
with  elements  incorporated  from  the  lineaments  of  the  other;  but  even 
in  this  case  a  rigorous  examination  compels  ns  to  admit  that  like  has  not 
produced  like. 

Beflecting  on  this  popular  illustration  more  profoundly,  we  disctTn 
Crdncf  pro-  ^vhcrein  the  error  consists.  Instead  of  comparing  cycles  o^ 
c«M  toiie  cwn-  process,  wc  liavc  been  blunderinc  with  isolated  forms,  which 
IoiUvMbaI  arise  at  ditferent  epochs  therein.  Without  going  into  Icdi- 
fonofc  Q^^  delailsi  man  presents,  as  regards  the  most  im|K>rlant  oi 
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constilncnt  structures,  his  nervous  system,  tlio  successive  clinrncter- 
of  an  avertebmled  animal,  a  lisli,  a  turtle,  a  LinJ,  a  quadruped,  a 
qoadrumanonK  animaJ,  bctbre  he  tussumos  the  special  human  charactcr- 
isticf).     Tliici  is  his  cycle  of  lite,  and  it  is  the  same  cycle  in  one  case  as 

rui  another. 

P  But  the  moment  tliat  our  view  is  thus  enlarged,  wo  sec  that  it  is  not 
the  indindiial  with  which  wo  should  deal,  for  an  individual  we  can  scarce- 
ly define,  since  ho  is  continually  differing  from  himself.  It  is  with  a  cy- 
cle of  proceeding,  or  n  course  of  operations  tiiat  we  arc  engaged,  a  scries 

U  forma  being  the  outward  manifestation  of  tho  succeeding  periods  of 
that  cycle  or  course. 

An  infant,  tliough  unlike  both  its  parents  in  form,  1ms  ran  through  a 

■arccr  like  that  passed  through  by  them  both.  Sexual  dilVcrcntiation, 
which  indeed  is  one  of  the  last  dificrcntiations  occurring,  offers  no  excep- 
tion to  tlie  tiTith  of  this  remark.  Tlic  siiuUitudo  lies  in  the  Ciirccr,  not 
in  tiie  form  taken  at  different  opochs- 

tThc  essential  principle,  then,  is,  not  timt  an  organism  produces  a  like 
ganism,  but  it  produces  a  germ  which,  being  pkccd  under  .j.,,^  rcprwloet- 
similar  circumstances,  passes  through  a  like  career  of  devel-  iveButBciaw 
opuient,  and  at  successive  periods  offers  an  orderly  series  of 
forms.  The  career  is  commonly  obscned  to  close  as  soon  as  the  cnpao 
ity  for  reproduction  is  assumed.  Hence,  in  every  organism,  the  assump- 
tion of  the  reproductive  state  is  tho  signal  that  tlic  end  of  development 
rift  at  hand. 

p  It  docs  not  plainly  appear  what  arc  the  circumstances  which  give  rise 
to  the  assumption  of  this  capacity;  nevertheless,  it  may  take  place  at 
any  moment  of  the  career.  In  the  Volvox  globator  it  occurs  almost  at 
the  close  of  the  first  stage,  for  the  germ  only  reaches  tlie  condition  de- 
scribed hereafter  as  the  mulberry  mass  when  it  becomes  capable  of  re- 
production ;  but  in  man  the  developing  organism  lias  a  long  jonmcy  to 
perform  beyond  this  first  step.  Except  in  the  condirion  here  dwelt  upon, 
he  differs  in  no  respect  from  his  humbler  comrade  at  this  point.  The 
tendency  to  a  gliding  off  into  tlie  reproductive  phase  is  in  him  repressed, 
and  tliereforc  dilfcrcntiation  and  development  continue  to  go  on. 

During  the  development  of  any  new  organism,  the  new  ^xirts  uniformlj 
anae  from  the  old  ones :  they  are  not  built  from  foreign  mate-  AiiihopartxoC 
rials  dcjMDsiting  themselves  upon  new  centres,  but  are  educed  ■"  orptninn 
by  tho  unfolding,  enlarging,  and  modeling  of  parts  already  ctimmon  no- 
existing.     An  organism  is  not  developed  as  we  enlarge  a  *™'  **"*>'"»• 
house,  by  building  part  to  part,  but  it  all  expands  from  one  common  or 
single  centre.     As  the  sphere  of  its  expansion  becomes  greater,  the  op- 
portunity arises  for  devoting  different  regions  to  different  uses,  and  thus 

Sees  which  were  confusedly  intermingled  become  separated  out,  and, 
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as,  in  social  undertaking!*,  the  divUion  of  labor  gi\*os  groatcr  perfeeUooto 
the  work,  so  in  this,  functions  whicli,  because  tlicy  were  blended,  ven 
imperfectly  discharged,  now  assume  prcrfsion  and  power,  because  tbej' 
arc  disentangled  from  what  were  perhaps  countervailing  conditions. 

By  these  considerations,  we  are  gradually  led  to  the  general  law  of  de 
Ij,  o#v  n^  velopnicut,  tirst  recognized  by  Von  Bar,  and  passing  owier 
his  unnic.  This  is  somewhat  obscurely  ennnciated  in  tbc 
fallowing  terms :  ^'Tlie  heterogeneous  arises  from  the  homogeneous  by  a 
gradual  process  of  change."  By  this  it  ia  meant  that,  in  the  process  c( 
development,  the  stagers  arc  not  from  forms  that  are  of  a  degraded  to  tixue 
of  a  higher  type,  but  that  from  the  general  the  special,  which  wag  tbeitio 
included,  is  gradually  evolved. 

In  conclusioa  of  these  pi-eliminary  remarks  on  reproduction,  it  nia^be 
Iimriabbi  wv  observed  that,  even  in  the  liiglicst  nnd  most  elaborate  tviiea, 
qMDoa Md aif-  the  causes  which  bring  on  diH'cTcntiation  follow  eachoUierin 
such  a  predetermined  setjucnce,  that  the  whole  pbcnonienoa 
might  Lo  said  to  be  under  the  dominion  of  mathematical  conditions.  M 
a  utriking  instance  of  this  may  be  mentioned,  in  the  case  of  man,  the  wh 
mcrical  equality  of  the  sexes ;  and  that  this  singular  result  is  dctenaiiMl 
by  the  nltcmato  preponderance  of  conditions  which  arc  otherwise  nicdf 
balonccd,  is  shown  by  the  interesting  instances  occurring  among  insects 
of  dimidiate  and  quadrate  hermaphroditism,  in  the  former  of  vbicb 
tlie  resulting  insect  is  of  different  sexes  on  the  two  sides  of  its  bodj", 
and  in  the  latter  the  mule  and  female  portions  ore  quadrantolly  arntngnl. 
If  the  left  side  of  the  head  and  thorax  are  those  of  a  male  insect,  tht 
right  lialf  of  the  abdomen  is  of  the  same  kind,  the  inlencning  portions 
being  of  the  other  sex.  The  neuter  state  might  even  be  imagined  to 
arise  from  tlio  more  precise  blending,  balancing,  and  confusing  of  sodi 
conditions  as  here  give  evidence  of  an  incipient  tendency  to  separate  from 
one  another. 

In  the  farther  discussion  of  rcprodaction  wc  shall  lind  it  conveniently 
DMsioiuof  considered  under  two  distinct  di\*isions;  tirst,  generation; 
nproducijaa.  gecond,  gemmation.  Our  attention  may,  then,  bo  profitably 
directed  to  the  singular  facts  known  under  the  designation  of  olteriutiou 
of  generations.  As  illustrations  of  the  terms  here  employed,  it  may  be 
stated  that  tlic  production  of  a  seed  and  the  development  of  a  pknt  tiio^ 
from  arc  to  be  considered  in  connection  with  generation,  and  that  the  ob- 
taining of  new  plants  and  trees  by  budding  nnd  grafting,  and  thft  pi^ 
daction  of  many  now  hydras  by  their  sprouting  forth  from  an  old  om, 
arc  to  be  considered  utidcr  gemmation.  By  the  alternation  of  genera- 
tions is  meant  that  an  organism,  A,  will  give  rise  to  a  second  otiCr  ^ 
wholly  unUko  itself,  and  tliat  this  second  organism,  B,  will  give  rise  to  * 
third,  Ct  unlike  itaelf,  but  C  shall  resemble  A.     This  stngtilar  conditioa 
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of  things  will  be  sliown  to  originate  in  l!ic  periodical  allernation  of  gen- 
eration and  gemmation  respectively, 

iBT.   or  OEKCRATTOX. 

Reproduction  by  generation  is  accomplished  on  two  different  types: 
1st.  By  the  conjugation  of  two  similar  cells;  2d.  By  filamenta. 

In  the  first,  that  is,  by  the  conjugation  of  two  Bimilar  cells,  a  tliird 
body,  called  a  pporangiiim,  results.     Of  this  process  tliere  _  ... 

nppcar  to  be  three  diflcrcnt  modifications :  Ist.  The  two  sira-  c»iion»  ofooii* 
ilar  conjugating  cells  discljarge  their  eiulochromc,  or  coloring  ^'*** 
mftterial,  each  voiding  itself  completely,  and  the  sporangium  arises  from 
the  mixture;  2d.  A  dilatation  forms  on  the  point  of  union  of  the  two 
conjugating  cells,  and  into  this  dilatation  tho  endochromes  of  both  cells 
are  passed;  3d.  The  cndochromc  of  one  cell  is  wlioUy  retained,  and  that 
of  tho  other  is  added  to  it,  the  oiio  becoming  void,  and  in  the  other  the 
sjwrungium  being  produced.  This,  occurring  in  the  lowest  vegetables, 
among  which  it  wns  for  a  long  lime  Fuppowed  tliat  the  ty|K!  of  ri-'produe- 
tion  is  totally  ditfcrcnt  from  that  of  tlowcring  jjlants  and  animals,  pre- 
sents US  with  the  first  traces  of  what  is  eventually  dispUyed  as  differ- 
ence of  sex. 

This  shadowing  forlh  of  tho  difference  of  sexes  is  illustrated  in  a  very 
instructive  manner  by  the  Zygnema  quininum,  a  fresh-water  conferva. 
Its  manner  of  g^o^v1h  is  what  has  been  already  described  in  the  case  of 
the  Conferva  glomerata,  /Vy.  231.     In  the  annexed  J^ff.  245  is  rcpre- 


PtrfrlopiDCBl  and  npnxlaciloii  of  }C}-p)rmN  qutBloBRi. 

flented  at  A  the  process  of  gro^vth  by  the  subdivision  of  cells,  a  b  e  repre- 
venting  three  such  cells,  the  middle  one,  h,  being  in  (lie  act  of  subdivision. 
At  B  two  threads  arc  in  the  act  of  conjugation.  The  endochromes  of 
botli  arc  spirally  arranged,  and  dilatations  reaching  iVom  one  to  the  other 
are  here  and  tliorc  seen.  At  C  the  endochromes  of  one  thread,  ff,  have 
wholly  passed  over  to  the  other  thread,  b,  and  the  round  bodies,  or  spo- 
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ratigio,  arc  tbc  result.     It  is  this  pasaage  frora  one  thread  to 

vliich  betrays  tlm  tirst  indications  of  sex. 

lu  the  Bccond,  tliat  is,  by  tibments,  two  ccUb  arc  again  nccti^san-, 

_  ...  which,  dliTorinc  in  construction  and  also  in  fUnclion,  are  dis- 
Two  modiflca-  ,    , 

tiou  ly  nu-  jgnated  the  Kperm-cell  and  gcrm-cell  respectively.  Of  tliis 
"""""  **JT*  there  are  two  mo dili cations :  Ist,  Rcprodaction  by  mov- 

ing filamenla,  as  presented  in  the  higher  algic  and  fcma ;  2d.  By  eloti* 
gating  filaments,  as  in  flowering  plants.  The  moving  fdamcnts,  irhici 
were  discovered  in  the  case  of  animals  soon  after  the  introduction  of  iIk 
tnicroscopo,  wcro  regarded  as  oxmnalcules,  ajid  passed  under  the  designi- 
lion  of  spermatozoa.  Tlie  genu  wbicli  arises  in  the  first  of  these  modi- 
fications is,  in  the  lower  tribes,  unprovided  with  any  uutntive  su[)[il)': 
in  the  higher,  a  stock  uf  food  is  prc^iarcd  for  it  by  the  parent.  In  tlic 
Hccond,  the  sperm-cell,  or,  as  it  is  frequently  termed,  pollen  grain,  dw^ 
cot  produce  a  moving  filament,  but  elongates  itself  into  a  delicate  tuU 
until  it  reaches  the  gcrm-ccU.  A  stock  of  natritiooa  matter  is  pUcd 
around  the  resulting  embryo,  and  this  ia  tho  ordinary  constructioa q( 
seeds. 

Restricting  our  description  to  tlie  case  which  more  immediately  inter- 
ests us,  we  shall  first  considojr  the  mode  of  origin  and  nature  of  ibc 
sperm-K^lI  and  its  filaments  in  animals,  aud  tlicn  oi'  the  germ-<:ell  ami 
process  of  development  when  fertilized. 

Ist.  Of  t/ie  Spen/i~ceU, — The  testes  arc  the  organs  in  which 
sperm-cells  and  filaments  arise  in  man.  They  arc  of  an  ovoid  ftinn; 
each  is  covered  with  a  white  envelope,  the  tunica  albuffinea,  A  serous 
membrane,  folded  as  a  shut  sac,  overlies  this  tunic.  From  the  vxus 
surface  a  number  of  delicate  projections  arise,  wliich  divide  the  organ  into 
several  compartments.  In  these  coro|>artnicnts  are  lodged  lobules  ant- 
ing frora  the  lubuli  scminiferi  and  their  suppl^dng  blood-vessels.  Thcie 
pTodoeUon  of  ^^  about  450  lobules  in  each  testis;  their  shape  is  conical 
»i>crm-o()Ua  by  the  diamotcT  of  the  tubes  of  which  they  are  comtwsed  al»ot 
the  ^^  of  an  inch.  Tho  total  length  of  this  tabular  strcc' 
txire  ia  about  three  quarters  of  a  mile.  Before  the  tubuli  of  each  lobule 
reach  tlie  rctc  testis,  they  cease  to  be  convoluted,  and  bundled  of  llieoi, 
uniting  into  larger  vessels,  are  designated  tubuli  recti.  In  the  rete 
tis  there  arc  from  half  a  dozen  to  a  dozen  of  these  tubes,  whicli  varii 
ly  anastomose  with  ono  another  and  divide.  They  empty  into  tho 
oflierentia,  which,  from  being  straight,  become  convoluted,  a  series  o? 
cones  arising,  which  together  form  the  globus  major  of  the  epidid 
This  is  a  convoluted  canal,  of  about  twenty  feet  in  length,  wi 
scending,  receives  beyond  its  globus  minor  tlio  vaaculum  abcrrans. 
then  empties  into  the  vaa  deferens. 

J*^i^,  240,  human  testis;  a,  testis;  £,  lobes;  c,  tuboU  recti:  d^R^ 
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vnscaloBatn;  <!,  rasa  offt-rpntia;  y, 
coni  vascnloai ;  j',  ppiclidymis ;  ^, 
vas  dcicrens ;  t,  vas  aborrans ;  in, 
branches  of  the  spennatica  inter- 
na of  the  testiH  and  c]>ldid^nnis ; 
7^,  ramification  on  the  testis ;  o,  ar- 
teria  dcfercntialis ;  j>,  anastomosis 
with  a  branch  of  the  epennatic. 
(.Vrnold.) 

The  secretion  of  the  tcstU  most 

be  taken  for  examination  from  the 

^   1^  j^HSlI         1//     ^'°^  deferens  or  epididymis,  before 

H     ^\  ,  ,    ^^BRmiI     ^   '^L^     ^^  ^^  been  mixed  with  tlie  fluid  of 

W       ^  ^JMHAH^^BHh  ^  rV     the  prostate  and  Cowper's  glands, 

L  ^^^^^^^^^r^^K  T&  <aIJ^    ^'  vi'ith  mucus.     It  may  be  min- 

K^        ^^^H^^^     iHr    ^*7fi     S'^'^  ^^^  ^  little  albumen  or  sc- 

^^B  '^  iSb  '  'j^^     ^^  ^^^  ^'^^  pnrpose  of  dilution,  and, 

^^B^L  mH^S'%^     when  examined  with  a  power  of 

^^^^^r  ^BEW     ^^  diameters,  exliibits  multitudes 

^^^^^V  ^t^Sr        of  moWng  bodies.     The-se  are  the 

^^^^^^  Tho  »«*!•.  eeminal  animalcules,  or  spermato- 

sroa.     Among  them  are  to  be  seen,  here  and  there^  round  granular  bod- 

■  icB,  the  seminal  grannies.     These,  with  the  spermatozoa,  are  sustained 

^  in  a  clear  and  transparent  liquid.     The  examination  of  these  different 

constituents  is  conducted  with  difficulty,  since  they  can  not  be  separated 

from  one  another  by  means  of  filtration.     The  spermatozoa  arise  from 

tlio  seminal  granule,-*. 

The  spermnfozoa  arc  found  in  tlie  sjiermntie  fluid  of  all  animals  after 
puberty,  their  form  being  different  in  different  classes  and  spcnn»(0K)«. 
species.     Generally  they  may  be  described  as  consisting  of  descriptiwj  of. 

»a  little  bval-shape<l  head,  from  wliich  a  delicate  filament  or  tail  projects. 
The  motion  of  the  sjwnnatozoa  is  accomplished  by  means  of  their  fil- 
ament. It  takes  place  in  different  ways,  sometimes  the  filament  vibrat- 
ing like  a  whip,  sometimes  rotating  like  a  screw,  and  sometimes  a  spin- 
ning round,  as  it  were,  upon  a  pivot,  oecura,  the  filament  having  been 
coiled  like  a  watch-spring.  The  rate  of  motion  seems  under  the  micro- 
scope to  be  rapid ;  it  is,  however,  estimated  at  an  inch  in  thirteen  min- 
tltes.  In  man,  their  entire  length  may  be  estimated  at  about  the  ^^  of 
an  inch,  the  length  of  the  head  being  about  the  ^t^,  and  its  nntn«n  •por- 
brcadth  the  -j-oJyjj-  Tlicy  continue  to  exhibit  motion  in  ""to**^ 
birds  for  fifteen  or  twenty  minntes  after  death;  in  cold-blooded  animals 
even  after  days.  They  withstand,  for  a  time,  the  action  of  solutions  of 
sugar  and  salt,  but  arc  destroyed  at  once  by  alcohol  and  dilute  ncids^ 
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Trhicli  appoflr  to  nffoct  their  organization.  Strychnia,  opintn.  asA  U- 
JrocyaDic  acid  likewise  stop  their  motions,  bat  without  causing  &dt 
change  in  tlicir  form. 

The  production  of  »pcnnatozoa  is  best  studied  in  the  case  of  birj}. 
5p,,^jioiM  l'**""  ^'"*  purjwse  Wagner  rcconimends  that  one  of  tlte  opkr 
iftUrOa.  of  PoAscrcs  bc  takcn  in  the  pairing  time  The  condition  o! 
the  testes  indicates  the  state  of  evolution  of  the  spermatozoa.  In  win- 
ter tho«o  organs  are  of  the  size  of  a  pin's  head,  but  in  spring  they  hiTT 
increased  twenty  or  thirty  fold.  Exteriorly  they  exliihtt  convolution.^  like 
those  of  the  brain,  and  contain  granules  and  seminal  globules.  Aflu 
pairing  time  is  over,  they  reUpsc.  to  their  original  diminutive  state.  Tk 
seminal  globules  appear  to  bo  derived  from  the  epithelial  cells  lining  (be 
tnbuli  Bcminifcri.  They  are  developed  into  what  are  termed  priintn' 
ccUSf  each  of  whteli  contains  a  number  of  secondary  cells  or  vesicles  d 
evolution.  In  Ihc  interior  of  these  vesicleit  llie  sjicrmatozoa  or^nntc, 
as  a  derivation  or  development  from  the  nucleus,  each  vesicle  giving  ria 
£r*littinti  of  to  one  spermatozoon.  Wlicn  this  has  reached  perfection*  tbe 
■parauiosoa.  vesiclc  dcliiiueacca  and  sets  it  free.  There  are  from  one  10 
twenty  vesicles  of  evolution  in  each  primaiy  ceU.  In  birds  the  fiUincatl 
may  be  retained  for  a  length  of  time  in  the  primary  cell  after  deliqaceoenoe 
of  tlic  veaicle,  hut  in  mammuls,  as  soon  as  the  tilament  is  mature  it  es- 
capes. In  the  former  case  the  filaments  aggr^ate  into  bundles,  but  iIkt 
break  up  into  individuals  when  tlie  primary  cell  deliquesces. 

I^iff,  247,  spcrmatozoic  tilamenls.  derelop- 
ing  in  Certbea  vulgaris:  a«  seminal  gnuulc: 
A,  cyst,  with  two  vesicles  of  evolution,  imdt 
granules,  and  a  bundle  of  spermatozoa;  e,oitl 

cyst,  with  spermatozoa  coiled  up.    (Wagner.) 

^^^^^^^        —  Of  the  formation  of  spermatic   liUmcnW 

^^^^^^^^1  Dr.  Gumett  gives  an  account  somewliat  dif- 

^^^^^^flR'  fercnt  from  the  preceding.    According  to  bim. 

^^^H^^^  "the  morphological  changes  in  the  spcrtn- 

n.rri,p««iof  vmi*«o*  ^11  preeeding  the  formation  of  the  spermatic 
filaments  are  identical  in  their  character  with  the  clianges  in  tlie  OVWD 
U'hich  are  antecedent  to  the  formation  of  the  new  being.  When  the  gen- 
erative function  begins  to  be  developed,  the  character  of  the  epithdiid 
cells  lining  the  tubules  is  modified.  The  cells  pass  to  a  higher  degree 
in  function,  but  do  not  undergo  any  change  in  structorc^ccpt  a  slight 
increase  in  size.  In  this  condition  tliey  divide  and  subdivide,  by  a  pvo- 
ceas  similar  to  the  aefrmcntation  of  the  yolk,  until  they  are  entirely  con- 
verted into  a  mulberry  mass.  A  liquetaction  of  the  segmented  oontcntA 
into  a  minute  graniUar  blastema  then  ensues,  and  from  this  the  spermatic 
^laments  arc  devclo^d.     In  tUe  ria^iostomes.  Or.  Burnett  was  ahlc 
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observe  the  disappearance  of  llic  niulborry  mass,  and  its  replacement  by 
a  6isciciilus  of  spermalic  filaments^  althougli  the  exact  mctainorphosig  by 
which  the  granular  cellular  mass  formed  the  bodies  of  the  Bpcrniatozolds 
could  not  be  detected.  The  si^rmatic  filamenia.  Dr.  Burnett  thinks,  are 
not  formed,  as  staled  by  KolUker,  by  a  deposit  from  the  contents  of  the 
Bpcrm-cell  or  nucleus,  but  by  an  elongation  of  the  nucleus  itself.  The 
body  of  the  spermatozoid  is  developed  frora  the  cell,  while  the  tail  is 
probably  subsequently  formed  by  an  accumulation  of  minute  particles.** 
(KoUiker,  Am.  cd.,  p.  625.) 

In  man,  the  production  of  spermatozoa  commences  between  the  four- 
teenth and  eUteenth  year,  the  time  of  puberty,  and  continues  until  the 
sixty-fiflh  or  seventieth,  or  even  nmcli  longer.  This  period  of  commence- 
ment is  marked  by  a  great  change  in  the  physical  and  mora]  constitution. 

The  spermatic  lluid  of  mule  animals  contains  no  spermatozoa.  This 
fact  has  been  established  in  an  interesting  manner  by  Wagner  in  the  case 
of  birds,  of  which  many  of  those  which  are  domesticated  readily  cross. 
There  can  be  no  doubt  that  these  bodies  are  the  essential  portion  of  the 
tluid.  and  that  it  is  their  action  upon  ttie  o\'Tim  which  establishes  its  fer- 
tUization. 

There  has  been  much  controversy  whether  the  spermatozoa  present 
traces  of  organization,  properly  speaking.  Thougli  it  is  convenient  to 
designate  their  dilated  portion  as  tlic  head,  and  the  lilamcnt  as  tlie  tail, 
it  has  never  yet  been  established  that  any  tiling  answering  to  a  true 
structural  arrangement  exists,  and,  upon  the  whole,  it  may  be  concluded 
tliat  the  appearances  whicli  liave  been  by  some  supposed  to  indicate  or- 
ganization arc,  in  reality,  only  an  optical  illusion. 

2ti,  Of  ih^  Geiin-cdl. — In  mammals  tlie  female  reproductive  appara- 
tus consists  essentially  of  the  ovaries,  oviduct,  and  uterus.       r  «,  i  -*i. 

The  ovaries  are  two  ovoid  bodies  situated  on  either  side  ilu^iive  ajip*- 
of  the  uterus.  They  consist  of  a  stroma  in  which  vesicles  "*'"*' 
are  imbedded:  tliesc  vesicles  give  origin  to  the  ova.  In  llic  manner  io 
be  presently  described,  the  ova,  being  received  at  the  fimbriated  extrem- 
ities of  the  Fallopian  tubes,  those  tubes  being  therefore  a]>propriately 
termed  oviducts,  are  carried  into  the  cavity  of  the  uterus. 

At  the  time  of  puboiiy  in  the  human  female,  which  occurs  between 

the  14tli  and  Ifith  year,  a  plivsical  and  moral  change  takes  ^ 

,  ,  ,  ■  ',    1        1  I        1        Mil         ^*  caearaenla. 

place,  answering  to  timt  whicli  lias  lieen  already  alluded  to 

08  occurring  in  the  male.     From  this  period  a  sanguinolcnt  discharge 

makes  its  appearance  monthly  :  it  is  the  cjitainenla.     The  interval  frora 

lime  to  time  is  commonly  estimated  at  four  weeks;  it  varies,  however, 

with  individuals,  and  it  is  said  also  with  climates,  the  dlscliarge  occurring 

in  the  hotter  more  frequently,  and  in  greater  quantity.     It  is  essentially 

blood,  which  has  been  deprived  of  its  quality  of  coagulating  by  inter- 
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mLxfnre  with  acitl  mucus  of  the  vagina.     So  long  na  ihcsc  periods  cc55r 
tinuc^  the  individual  possesses  ihc  reproductive  power,  the  tirst  appfcaj'. 
ancc  of  the  catanienia  indicating  the  capacity  for  conception,  and  the  dU 
appearance,  at  about  the  4oth  year,  its  end.     During  gestation  the  ca/a- 
lucnia  arc  suspended,  and,  indeed,  it  is  tltis  event  which  is  asualiy  1 
as  tlic  indication  titat  couocplion  has  occurred. 

Tiic  periodical  occurrenrc  of  this  diacliargc  in  the  human  female,  thooj 
more  frwiuent,  is  esscntiully  the  same  as  the  periodically  occaning  I 
of  other  animals,  which  is  also  attended  ivith  a  sero-sangtunoleut  di^ 
chnrge.  In  other  respects,  likewise,  the  analogy  is  maintained,  for  m 
those  animals,  tlie  appearance  of  this  discharge  and  its  attendant  phe- 
nomena constituting  an  indication  of  a  simultaneous  cajMicity  for  coo- 
ception,  in  women  the  same  thing  holds  good,  conception  occurring  in 
them  at  the  time  of  the  close  of  the  menstrual  discharge. 

L  Ovum  in  ih^  Ovary. 

The  ovary  is  the  organism  in  which  the  ova  are  prepared,  these 
arising  in  the  following  way : 

In  the  stroma  of  tlie  ovary  there  occur  at  a  time  ten,  twenty,  or  tnanv 
ProduciioD  more  ccUs,  which  have  received  the  designation  of  Graafian  re*- 
t^o^^        ides  or  ovisacs.     These  originate  in  the  interior  of  the  oviry, 
and,  as  ihcy  become  perfc^ed,  pass  to  its  surface,  presenting  thmisclTes 
thereupon  as  prominences  which  arc  covcrcJ  over  c:steriorly  with  peri- 
toneum.    ICach  of  these  vcsicJcs  has  n  membranous  cm'clopc  connccrii 
it  witli  the  substance  of  the  ovary  exteriorly,  and  covered  interiorly 
a  layer  of  nucleated  cells,  designated  rncmbrana  granuloma.      It  is 
with  a  fluid  in  whicli  multitudes  of  granules  ll^iat,  and  in  its  centre  is 
ovule.     This,  as  it  becomes  mature,  is  pushed  up  toward  the  sui^Kecf 
the  ovisac  by  an  accumulation  of  liquid  in  the  lower  part  thereof,  wid 
is  so  brought  into  close  rcLition  with  the  membrana  granulosa  at  llic 
place  where  it  is  upon  the  surl'acc  of  the  ovary.     At  this  point  tlicre  cd- 
lects  on  the  o>*nm  a  zono  of  granules,  to  which  the  designation  of  discos 
proligcras  is  given. 

^ig.  2-18,  transverse  section  through  tlie  ovary  of  a  woman  deal 
the  fifth  month  of  pregnancy:  (7,  Graafian  follicle  of  inferior,  and,  ^, 
superior  surface;  o,  peritoneal  lamella  of  ligamcntuni  latum,  contiu: 
upon  the  ovary,  and  coalescing  with,  </,  the  tunica  albnginca:  in  the 
trrior  two  corpora  albicantia  (old  corpora  lutea)  are  visible;  c,  stroma 
the  ovary.     (Kolliker.) 

J^ig.  249,  section  of  the  Graafian  vesicle :  1,  stroma  of  ovary,  with 
blood-vessels ;  2,  peritoneum ;  3  and  .0,  layers  of  the  external  coat  of  the 
Graafian  vesicle;  4,  membrana  granulosa;  6,  fluid  of  tlje  vesicle;  Ttgiaiv* 
ular  zone,  or  discus  proUgcrus;  8,  the  ovum.     (\'oq  Bar.) 
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^1^.  250,  ovum  of  flic  sow:  1,  germinal  spot;  2,  germinal  vesicle; 
3.  yolk  ;  4,  zona  {>cltucidn ;  5,  discus  proligcrus  ;  6,  adherent  granules  or 
cells.     (Barn,'.) 

The  diameter  of  the  human  ovum  varies  from  the  yj^  to  the  -j^  of 
an  inch.  It  consigts  of  an  exterior  transparent  membrane,  lipscriiuinn  of 
the  Y^STS  ^^  *"  "^*^'  "^  thickness,  wliich,  when  compressed  *'*"  ovum- 
for  the  purpose  of  examination,  appears  Ukc  a  diaphanous  circle,  and  heneo 
called  zona  pcHucida.  Within  tliia  zone,  and  inclosed  by  it,  is  the  yolk, 
a  granular  material  suspended  in  or  intermingled  with  fluid,  the  granules 
being  of  different  sizes ;  tliose  near  the  pellucid  zone  are  the  hirgcst.  For 
the  most  part,  the  yolk  consists  of  albumen  and  oil  globules.  Its  condi- 
tion, as  regards  liquidity,  varies  in  different  animals;  in  some  it  is  al- 
most a  soft  soUd,  so  that,  wlien  water  percolates  through  the  zona  pcUu- 
cida,  it  isolates  the  yolk  by  surrounding  it  on  all  sides,  and  parting  it  ofF 
from  the  zone.  Within  the  substance  of  the  yolk  is  a  distinct  cell,  the 
germinal  vesicle,  which  gradaaUy  makes  its  way  from  tlie  interior  to  the 
place  of  peritoneal  contact.  As  it  advances  to  perfection,  it  consists  of  a 
deUcatc  spherical  membrane  containing  a  liquid,  in  which  punules  aro 
suspended.     Uixm  that  portion  of  it  nearest  to  the  place  of  peritoneal 

contact  is  its  nucleus,  the  gcrmiual 
spot,  about  the  -^}}^  of  an  inch 
in  diameter,  and  consisting  of  yel- 
low grannies, 

JF7ij.  251,  diagram  of  a  Graa- 
fian vesicle  and  ovum  :  1,  stroma 
of  ovary ;  2,  3,  external  and  in- 
ternal tunics  of  the  Graafian  ves- 
icle; 4,  cavity  of  vesicle  ;  5,  thick 
tunicof  the  ovum  or  yolk-sac;  6, 
the  yolk ;  7,  the  germinal  vesicle ; 
8,  the  germinal  spot. 

The  most  mature  ova  arc  near^ 
est  the  surface  of  the  ovary,  but 
are  separated  from  its  peritoneum 
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hy  a  thin,  fibrous  layer  of  Btromn.  TIic  Oroalian  vesicle  is,  tli^^jit 
fore,  llic  parent  of  the  ovum.  Periodically,  as  development  is  going  os, 
the  Graarian  vesicle  bursts,  and  the  ovum  is  set  free.  This  effbct  anaes. 
in  part,  from  the  circumstance  that,  the  space  between  the  vesicle  W 
o\*um  being  filled  tv'ith  cells,  those  near  the  surface  of  the  ovary  disap* 
pear,  and  an  albuminous  li(}uid,  which  accumulates  below,  pu^esitbe 
ovum  up.  Tliis  extrusion  of  ova  occurs  even  in  childliood.  The  oviac, 
orGraatian  vesicle,  thus  changed  into  a  follicle,  is  ^adually  filled  up, its 
walls  wriokling,  and  red-colored  nmtenal,  aiising  from  the  mcmlinia 
granulosa,  being  deposited  in  it  until  it  is  almost  fiUai 
This  deposit  gradually  turns  yellow,  and  is  eventually  oon- 
j)Osed  of  cells  interiorly,  and  iibrcs  arising  llierefrom  exteriorly.  VTben 
the  dejMsit  is  completed,  a  stellated  cicatrix  is  observed  in  its  midst. 
Tho  yellow  body  thus  arising  jiasses  under  the  designation  of  corpiuln* 
teum.  If  impregnation  does  not  occur,  the  yellow  substance  forma  to 
but  a  small  extent,  and  after  a  time  disappears.  It  is  relatively  more 
abunthnt  in  animals  than  in  women.  Attempts  Imve  been  made  to  use 
the  indications  of  the  corpus  luteum  for  determining  the  question  of  pic^. 
nan^.  The  following  points  are  presented  by  Dr.  Daiton  ms  offilriiig 
charneteristics  by  wliich  tiic  corpora  luteu  of  pregnancy  and  mcnstniatJoii 
may  bo  distinguished  :  *•  Tlio  corpus  luteum  of  pregnancy  arrives  more 
slowly  at  its  maximum  development,  and  aAerward  remains  for  a  Jong 
time  as  a  noticeable  tumor  instead  of  undergoing  rapid  atroi>hy.  It  n> 
tains  a  globular  or  only  slightly  ilattencd  form,  and  gives  to  tho  tonebi 
sense  of  resistance  and  solidity.  It  has  a  more  advanced  orguuzatitn 
than  the  other  kind,  and  its  convoluted  wall  is  much  thicker.  Its  color 
is  not  of  BO  decided  a  yellow,  but  of  a  more  dusky  hue,  nnd  if  the  period 
of  pregnancy  is  at  all  advanced,  it  is  not  found,  like  the  other,  in  com- 
pany with  unruptured  vesicles  in  active  process  of  development.'* 
^ff,  252,  corpora  lutea  of  dilTercnt  i>eriods :   a,  corpus  luteum  tiro 
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days  after  delivery;  6,  corpus  luteum  of  about  sixth  week  after  impreg- 
nation, showing  its  plicated  form  at  that  period;  1,  substance  of  ovary; 
2j  substance  of  cor\ms  \u\eMnv,  si,  ^a^-vah  eoagulum  in  its  cavity ;  d^  in 
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the  twdfth  -week  after  delivery, 
goroery.) 


{a  and  l,  Dr.  I'attcrson ;  (/,  Dr.  Mont- 
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IL  J*eriili2^d  Ovum  in  the  Oviduct. 
Boch  being  a  description  of  the  ordinnry  or  unfertilized  ovum,  we  Iiave 
next  to  follow  the  changes  wliich  ensue  if  fertilization  has  taken  place. 

The  spermatozoa  having  bceonie  enveloped  in  tlic  pellucid  zone  or 
passing  through  it,  the  ovuin  is  received  hy  the  fimbriated  extremities 
of  the  Fallopian  tube,  along  which  it  ia  carried  by  peristaltic  contraction 
or  ciliary  motion.  The  first  change  whicii  takes  place  iu  it  ia  the  disajj- 
pcarance  of  its  genninal  vesicle  and  genninal  spot  This  disaj)j)earancc 
ia,  however,  stated  by  some  to'  be  preceded  by  a  development  of  cells 
originating  in  tlie  nucleus  or  genninal  sjiot ;  nor  is  it  the  result  of  fertil- 
ization, since  it  occurs  in  the  unimprcgnated  ovum.  The  „^^  ^  . 
cells  of  the  membrana  granulosa,  winch  surround  the  ovum,  fertilized  ovum 
become  first  of  a  conical  shape,  but  their  rounded  form  is  re-  "  "''^  "*^'* 
Bumed  on  passing  into  the  tut>c. 

rif,.  9BB:  J^ff'  253,  ovarian  ovum  of  dog,  exhibiting  the 

elongated  form   and  stellate   arrangement  of  the 

cells  of  the  discus  proligerus  round  the  zona  pd- 

lucida. 

J^iff.  254,  same  ovum  after  the  ^^-  ^^ 

removal  of  most  of  tho  cla1>> 

shaped  cells. 

The  yolk  is  next  observed  to 
onriuorua.  contract  SO  as  to  leave  a  clear 

space  between  it  and  the  zona  pcllucida.  As  the  pas- 
sage along  tho  tube  is  taking  place,  the  zona  asstmies 
a  coating  of  albuminous  material,  which  is  what  is  call-  OvariM  emm. 
ed  in  birds  tlio  wliitc  of  the  egg.  It  eventually  becomes  the  cliorion. 
J&Ieautime,  after  the  disappearance  of  the  germinal  vesicle,  a  new  cell,  the 
embr)'o  cell,  arises,  and  tliis  undergoes  subdivision  or  segmentation,  an 
effect  in  which  the  yolk  itself  presently  becomes  involved,  each  new  or 
daugliter  embrj-o  cell  so  arising  assuming  a  part  of  the  yolk.  A  constant 
process  of  bisection  is  thus  established,  the  yolk  dividing  first  into  two 
portions,  then  into  four,  eight,  sixteen,  etc.,  each  division  containing  a 
nucleated  cclL  At  this  period  may  be  seen  the  spermatozoa  involved  in 
tho  zona  pcllucida,  and,  as  the  process  of  bisection  goes  on,  -phc  muii*my 
the  mass  assumes  a  mulberry  aspect,  and  finally  becomes  "•***• 
granular.  This  is,  for  the  moat  part,  finished  by  the  time  the  ovum  en- 
ters the  uterus. 

J'i^.  255,  ova  of  the  dog  in  various  stages :  a,  from  the  oviduct,  half 
an  inch  from  the  uterus,  spcrmatozoids  being  in  the  pellucid  zone,  the  yolk 
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bisecteil ;  h,  cells  of  lunica  granuloia  have  diaappearetl.  and  the  yolJt  jj 
in  four  sclents ;  r,  continued,  advance  in  segmentation ;  </,  the  tom 
haa  become  thicker,  and  the  segmentation  more  complete ;  *;,  ovmn  Imnt 
by  compTcsaion :  some  of  the  segments  have  escaped ;  each  shows  i 
Inight  spot  or  vesicle. 

i 


SefomitKUMt  o(  warn. 

Fig,  256,  cleavage  of  the  yolk  after  fecundation:  a,  an  ovum  of  j 
caris  nigrovenoaa,  the  yolk  of  which  is  divided  into  two  equal  portiona; 
the  upper  portion  contains  a  cell  with  a  large  nucleus,  the  lower  a  ffiw* 
ilar  cell  with  two  Email  nuclei;  h^  ovum  subdi^nded  into  four  portions; 
c^  the  subdivision  has  reached  sixtcea,  each  jwsscssing  a  mono-nucleated 
cell;  rf,  ovum  of  jVscaris  acuminata,  showing  the  stages  of  eulKiirisicm. 
the  portions  becoming  very  small ;  f,  the  {portions  preparing  to  be  roon 
ed  into  the  young  worm,    (a,  6,  c^  Kolliker;  (A  «,  Ba^ge.) 


PpgtD entail im  of  orvm. 

As  the  ovum  is  about  to  enter  the  uterus,  each  portion  which  has  vn 
from  the  segmentation  of  the  yolk  has  become  a  perfect  celL  This  ecu 
formation  hanng  been  accomplished  at  the  surface  of  the  3roIk  first,  ^ 
cells  there  begin  to  coalesce  into  a  membrane,  with  an  aspect  Uke  that 
of  hexagonal  pavement  epithelium,  and,  as  the  change  passes  toward  the 
centre,  the  cells,  as  they  form,  come  toward  the  membrane  and  thicken 
it,  leaving  a  clear  liquid  within.  In  this  manner  a  secondary  vesicle 
(otmf^  within  the  zonapeVLMdia'.  \\  \a  \Via  Uinatoderraic  vesicle :  it  is 
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onry  stouiAcU  of  tbc  embryo.  Its  wall  confltitulcs  tlie  gcimiaal 
branc,  upon  wbich  the  embryo  arises.  New  cells  being  coiistantljr 
1,  tbc  uicnibranc  increases  in  thickness ;  and  here  it  may  The  (r^rminftl 
marked  that,  in  most  types,  the  yolk  is  to  bo  cousidercd  b"^™!""*- 
■esenting  two  portions — ihe  germ-yolk  and  tlie  food-yolk;  tlie  for- 
JciDg  inimediutely  employed  in  the  development  of  the  embryo,  and 
alter  being  a  stock  for  wore  advanced  supply.  In  mammals,  for 
n  other  means  of  nutrition  are  ciuickly  provided,  the  food-yolk  is  ini- 
iplible,  and,  moreover^  in  them  the  ulbuminoas  coating  of  the  zona 
cida  ia  small ;  bat  in  birds,  the  embryo  of  whicli  has  to  be  nourisJi- 
dcpcndcntly  of  tbc  parent,  tbe  quantity  is  necessarily  larn;c.  Aa  \vc 
said,  this  albuminous  covering  and  the  zona  together  constitute  the 
on,  the  eiterior  of  wltich  pre-sents  a  rugged  a.s{xx!t,  from  the  appear- 
of  absorbing  radicles,  whicii,  becoming  imbedded  or  dove- 
I  in  the  deciduous  membrane,  presently  to  bo  described, 
iishes  the  nccessaiy  connection  for  tuA  nutrition,  and  thereby  ob- 
ig  albumen  from  tbe  parent. 

III.  F'ertUUcd  Ovum  in  the  UUru9, 
'bile  the  ovum  is  passing  through  the  Fallopian  tube  or  oviduct,  it 
hb  a  coating  of  albuminous  m.'iterinl  outside  of  its  zona  peUueido,  as 
been  said.  This  coating  becomes  the  means  of  attachment  to  the 
ts,  and  thereby  of  the  absorption  of  nutriment  in  tbe  following  way. 
se  outside  surface  of  the  incipient  chorion  presents  a  layer  of  cells, 
soon  after  assumes  a  fibrous  structure.  In  tliis  condi-  imcHdv  ootH. 
lion  the  ovum  makes  its  appearance  in  *^"- 
the  uterus,  on  tbe  interior  of  tbe  surface  of  which  the 
mouths  of  a  great  number  of  follicles  open.  These 
follicles  are  not  unlike  those  wlucb  the  stomach 
presents.  Their  general  appearance  is  illustrated  by 
7'Vj7.  257;  if,  ca^ral  tcmiinations  of  glands;  <\  their 
tubes ;  a,  mouths  on  interior  of  uterus.  The  con- 
stitutional disturbance  whicli  is  at  this  time  taldng 
place,  enhanced  by  the  presence  of  the  ovum  in  the 
organ,  at  once  increases  its  vascularity ;  the  follicles 
bw-'Ome  larger,  cells  are  abundantly  developed  in 
them,  and  the  uterine  cavity  is  Hlled  with  a  liijuid 
containing  many  nucleated  cells.  This  plastic  semi- 
fluid material  receives  the  fringes  of  the  villous  coat 
of  the  chorion,  whicli  are  now  being  develo[ied ;  and 
tlicse  e\'en  find  their  way  into  the  mouths  of  tJie 
glandular  tubes ;  from  this  exudation  or  secretion 
tbc  mcmbrana  dccidua  forms,  though  by  some  it  is 
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Pbnnatioa  uf  rcprcaentcd  as  being  a  metamorpUoaiB  of  tlic  mucoQS  mem- 
mMnhrana  iio-  brane  itaelt  Meantime  the  ovum  is  itself  coated  o^-crwitb* 
corresponding  membrane,  designated  mcmbrona  reflexo,  be- 
cdUM  it  was  believed  by  Sir.  Hunter  to  originate  ia  the  circiunstanoe 
lliut,  when  the  o\Tim  reached  the  uterine  moutii  of  the  Fallopian  tube,  it 
there  encountered  the  proper  membranri  decidua,  and,  not  pcrtbrating  it, 
but  bearing  it  onward,  gathered  a  fold,  covering,  or  envelope,  which, 
from  its  having  thas  been  tbrmcd  by  a  reflexion,  was  appropriately  dn* 
ignated  by  the  term  specitied.  It  is,  faowevert  now  admitted  that  this 
description  of  the  formation  of  the  membrana  reflcxa  is  erroneous,  for  b 
reality  the  ovum  is  at  no  time  on  the  outside  of  tlie  mucous  mcmliTaite, 
which  is  continuous  from  the  cavity  of  the  utcms  through  the  Fallopian 
tabe*  The  following,  therefore,  seems  to  be  the  more  correct  dcscriptloo. 
Tlie  presence  of  the  ovum  gives  riae  to  an  increased  development  of  ccUi, 
which  rapidly  spread  around  it,  and  coat  it  ail  over,  their  points  of  origin 
being  those  portions  of  the  uterine  mucous  membrane  with  which  the 
ovum  is  in  contact.  In  this  way  it  receives  its  decidaons  cnvdoiK, 
which,  participating  duly  in  its  growth,  is  at  the  end  of  the  third  mootti 
in  contact  with  tlie  uterine  dccidua  all  over. 

At  tlie  stage  wc  arc  now  considering,  the  nutrition  of  the  pmbryo"u 
conducted  in  a  special  but  xary  tenipomry  way.  The  yolk  of  the  ovum 
has  no  stock  of  food  to  maintain  the  nutritive  processes  beyond  the  hnef 
space  which  transpires  in  the  passage  through  the  F::!lopian  tube.  Tbc 
duty  of  nutrition  is  at  this  moment  assumed  by  the  villous  coat  of  the 
cliorion,  which  absorbs  fluid  exuding  from  the  uterine  dccidua  veiv 
much  after  the  manner  of  the  spongioles  of  a  jdant ;  Imt  almost  Imme- 
diately the  necessity  arises  of  diverting  more  directly  the  albumenoid 
material  to  the  quickly-growing  embryo  from  the  yo!k-bag,  to  which  it 
would  have  gone,  and  this  new  destination  implies  the  introduction  of 
new  channoJs  of  transport,  wliich,  under  the  form  of  a  vascular  appaiw- 
tus,  are  now  provided. 

About  the  close  of  the  second  month,  a  proper  vascular  apparatus  for 

the  combined  purposes  of  nutrition,  secretion,  and  rcsi  -  ■  -^ 
llie  placenta.         ,         .  '^      ^  ..    -       i        i  -r 

makes  its  appearance:  it  is  the  placenta.      It.<i  ori^' 

the  little  blood-tu1x:8  which  form  in  the  tufts  of  the  chorion,  in  man  at 

one  point,  in  niminants  simultaneously  at  several,  giving  rise  in  Uie  fef- 

mer  case  to  one  organ,  tlie  placenta,  as  has  been  said,  in  the  other  to 

many  such,  or,  at  all  events,  to  one  of  a  oompoaite  stnicturc,  the  cotylo- 

dons.     The  ftctal  vessels  thus  luising  in  the  villi  of  the  chorion  ' 

intermingled  with  vessels  contemporaneously  arising  from  the  n 

and  though,  in  some  cases,  this  intermingling  is  less  complicated^  ik>  that 

the  nmlernal  and  fietnl  portions  arc  separable^  in  man  tlie  internetting  is 

comj'lcfc,  the  priucij>Ic  being  to  bring  the  foetal  vascular  tufta  in  such  o 
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Jation  with  the  maternal  blood-sinuses,  by  the  tufts  dipping  Farctioniiof 
own   or  being  enveloped  therein,  that  the  completcst  con-  ""  pi^wnu. 
ct  and  facility  of  exchange,  but  not  of  intermixture,  may  be  insured, 
iiings  are  arranged  in  sucli  a  way  that  the  maternal  and  foetal  blood  do 
ot  intemiinglc,  cacli  being  confined  in  vessels  of  its  own,  tlirough  the  thin 
rails  of  which  rmlritious  matter  may  pass  and  excremcntitious  matter  re- 
pass.    KveTy  fcetal  tuft  lias  a  deciduous  layer  upon  it,  and  the  blood 
onglit  by  tlie  curling  arteries  of  the  uterus  furnishes  to  the  fcctus  its  ox- 
Bn,  and  receives  back  carbonic  acid,  with  other  cxcrcmcnlitioos  matters. 
L  this  respect,  respiration  is  carried  on  by  the  aid  of  a  mechanism  which 
to  the  gilU  of  fishes,  the  matemal  arterial  blood  standing  for  the 
ed  water;   but,  besides  this,  the  tufts  hare  another  duty  to  dia- 
-the  obtaining  of  albumenoid  material  from  the  maternal  blood, 
be  placental  mechanism  is  therefore  much  more  pcri'cct  in  its  action 

the  tuft  mechanism  which  preceded  it. 
The  germinal  membrane,  formed  as  has  been  described,  already  ex- 
libits  at  one  spot  an  opaque  area  of  a  roundish  shapc^  con-  Ouno'  In  tb« 
Fia.wt.  sistint;  of  cells  and  c^ranoles.     To  ji'nninAim«»- 

this  the  designation  of  gcrmmiu  ,i.Kiioaofby. 
area  is  given.  At  this  area  the  *^"* 
membrane  next  becomes  divisible  into  two 
lamina*,  and  eventually  tliroughout  its  whole 
extent,  as  seen  in  J^i(/.  2iiS.  Of  these  lam- 
inn*,  the  exterior,  which  is  nearer  to  the  zona 
pcUncida,  is  the  scromi  layer.  It  is  the  raised 
membrane  of  the  figure,  and  in  it  are  to  be 
—  ^^^^^^w^  developed  the  nervous  and  nmseukr  systems 

the  embryo.     The  interior  is  designated  the  mucous  layer,  and  from 
/', ,.  cr."  ^^^^^this  arise  the  digestive  organs. 

The  germinal  area  by  degrees 
loses  its  circular  form  and  becomes 
oval,  its  central  portions  clearing 
off  and  giving  rise  to  the  area  pe!- 
luclda.  ^Vround  this  the  opacity 
is  increased,  and  in  it  blood-vea- 
Kcla  appear:  hencw  to  this  dark  cir- 
cle the  designation  of  area  voscu- 
losa  is  applied.  In  the  pellucid 
zone  is  next  seen  a  delicate  line, 
the  primitive  groove,  rh^^nmitir^ 
J^ig,  259.  It  occurs  (troove  ud 
'in    the    serous    layer  l""!"* 

■'only,  is  wider  at  one  end  than  at 
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the  otlicr,  the  wider  part  being  destined  for  the  head  of  the  cmt 
On  each  side  of  the  primitive  groove  two  oval  areas  of  cells  emerge: 
they  are  the  dorsal  lamince.  Tliey  rise  up  to  cover  in  the  primitive 
groove,  so  OS  to  convert  it  into  a  tube,  with  three  bead-like  swellings  si 
its  wider  end,  the  elements  of  the  prosencephalon,  mesencephalon,  and 

cpencephalon, /Vy.  2G0.  Tlieci- 
planatioQ  of  tliis  and  the  preced- 
ing figure  have  already  been  givoi 
on  p.  203.  On  the  internal  put 
of  the  lamina  nervous  matter  be- 
gins to  form,  the  mdimcnt  of  tie 
cerebro-spinal  axis.  In  the  bot- 
tom of  the  groove  is  the  trace, 
chorda  dorsalia.  The  groove  it- 
self, converted  into  a  tube,  cod- 
stitntes  the  central  canal  ofthxt 
axis,  its  completion  into  the  tu- 
bular slia{>e  occurring  6xst  in  the 
middle,  and  then  up  and  dovm. 
The  form  of  the  lateral  masses  n- 
ries  as  development  goes  on. 
A  line  of  cells  running  lengthwise  in  the  primitive  groove  is  the  ongin 
rhordtdoni-  of  the  chorda  dorsal  is,  on  which  the  rudiments  of  the  veite- 
■iir  TMcaUr  ^^  column  appear.  In  the  amphioxus  and  ni^-xcnoid  Bahca 
sytt4Bn.  development  in  this  direction  stops  at  this  point,  the  chorda 

dorsalis  Ijcing  tlie  permanent  structure.  The  vertebmj  now  emerge  un- 
der the  aspect  of  square  plates,  and  the  dorsal  laminie,  prolon^ng  them- 
selves outward  and  downward,  as  it  were,  by  an  offdhoot,  produce  the 
ventral  laminu.%  which  close  in  tlic  abdominal  walhn,  and  so  form  tltfl 
boundaries  of  the  trunk.  Simultaneously  a  new  layer  of  cells  arises  be- 
tween the  serous  and  mucous  layer  of  the  germinal  membrane,  at  tbeots 
vasculosa,  and  in  this  intercalated  lamina  the  vascular  system  forms  mbA 
1  )Iood  corpuscles  ap])car,  capillary  vessels  arising  from  the  coalescence  d 
ruclcatcd  cells,  the  touching  ends  of  which  become  pen-ious.  Mihs 
process  goes  forward,  a  network  of  such  vessels  is  constructed,  and  it  is 
to  be  particularly  remarked  that  tliis  takes  place  and  that  the  blood  ifi  io 
circulation  prior  to  tlie  existence  of  the  heart.  jVround  tlio  extending 
blood-vessels  or  vascular  area  runs  a  circular  capillary  called  the  tcrmii^ 
sinus  in  the  first  stage  of  the  process,  but  this  disappears  as  the  vess^ 
extend  all  over  the  gcnninal  membrane.  The  extension  of  these  vessels 
is  in  part  accomplished  by  the  cells  from  which  they  havo  arisen  doo- 
gating  themselves  into  processes. 

jf^Vy.  261,  first  appeaiancc  of  Uood-ressels  in  vascular  layer  of  gen^ 
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inal  membrane  of  a  fowl  at  thirty-six tli  hour  of  in- 
cubation.    (Wagner, ) 

The  formation  of  vessels  from  the  coalescence 
of  nucleated  celis,  the  touching  ends  becoming 
pervious  or  eloDgating^  is  continued  to  a  much 
later  (xaiod  of  development,  as  ia  demonstrated  hy 
Fig.  262. 

Capillary  lyrophatic  from  the  toil  of  the  tadpole :  a^  membrane ;  hy 
i^-  262-  proceascs  formed  by  it ;    i\  re- 

mains of  tlic  contents  of  the 
cells  forming  these  vessels,  in 
which  nuclei  arc  concealed;  c* 
ccccal  terminations  of  the  ves- 
sels ;  y,  one  of  these  termina- 
tions still  recognizable  as  a  form- 
ative ccU ;  ^,  isolated  formative 
cells  about  to  join  with  actual 
vessels,  magnitied  350  diame- 
ters.    (KoUikcr.) 

It  is  at  this  tuno  that  nutri- 
tion by  cells  ceases,  and  vascu- 
lar nutrition  commences,  as  pre- 
viously described.  The  embryo 
has  now  become  too  large  for 
promiscuous  cell  nutrition  to  an- 
swer ;  moreover,  development  ia 
required  to  take  place  at  differ- 
ent rates  at  isolated  and  special 
points.      The  formation  of  the 
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amnion  coincides  with  these  events. 

The  heart  appcara  first  as  a  canal  or  tube,  arising  in  the  vascular 
la3rer  from  a  columnar  mass  of  cells,  of  which  the  inner  ones  Devdopmeat 
have  deliqnesced  to  form  a   tube.     This  then  becomes  tri-  fC  the  *«»«■ 
chambered,  containing  an  auricle,  a  ventricle,  and  the  bulbus  arteriosus, 

Fig.  263,  of  which  a  description  i« 
given  on  p.  1.35.  Subsequently  the 
auricle  and  ventricle  are  each  divi- 
ded by  septa,  tliat  in  the  ventricle 
being  commenced  abont  the  fourth, 
and  finished  about  the  eighth  week. 
The  auricular  septum  is  not  comjiletcd  until  after  birth. 

Fi'j.  2G4,  page  030,  shows  the  human  heart  at  about  the  fifth  week : 
A,  the  heart  opened  on  the  abdominal  aspect;  1,  the  bulbus  arteriosus; 
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''^  "*•  2,  2,  two  aortic  arches,  uniting  posteriorly 

to  form  the  aorta ;  3,  the  auricle ;  4,  ibe 
opening  from  tlic  auricle  into  the  veotride^ 
6,  which  is  laid  open ;  5,  the  septum  muig 
from  the  lowest  part  of  the  cavity  of  the  ven- 
tricle ;  7,  the  vena  cava  inferior :  IS,  vieir 
from  behind;  1,  the  trachea;  2,  the  lar^; 
3,  the  ventricle ;  4,  5,  the  large  atrium  cw- 
dis,  or  auricle ;  6,  the  diaphragm ;  i.  the 
aorta  descendens;  8,thepncnmoga8tric;  9,  its  branches;  10,  its  contiso- 
ation.     (Von  Biir.) 

As  soon  oa  the  capillary  system  is  fuirly  established^  the  cliange  in 
the  character  of  tlie  function  of  nutrition  alluded  to  is  acconipUshed.  u J 
in  tlioac  animals  wlitch  depend  for  their  development  on  a  food  yolk,  it 
is  eventually  entirely  covered  with  raniificotions  of  these  vessels.  Tie 
blood-cells  of  the  first  order  or  scries  arc  evolved  from  the  nacici  of  tie 
cells  which  coalesced  for  the  formation  of  blood-vessels. 

The  development  of  the  embryo  still  continuing*  it  assumes  a  form 
EiovAtion  of  whicli  lias  bccu  aptly  described  aa  resembling  that  of  a  boat 
UM«mbi7o.  placed  upside  down,  the  bottom  of  the  boat  rising  bighcr  vA 
higher  above  the  surface  uf  the  germinal  membrane,  and  liluii^  viih  it 
that  portion  of  the  membrane  to  which  it  is  attached.  The  two  crnla  of 
the  boat-slmpcd  Iwxly  bend  under  toward  one  another;  the  largw  of  Ik 
two  is  destined  to  become  the  head  of  the  embryo.  As  this  elcvatiou 
takes  place,  the  embryo  becomes  separated  by  a  constricted  space  frotn 
the  surrounding  germinal  membrane,  its  abdominnl  pnrictca  being  stiD 
open  and  in  contact  with  the  yolk.  From  the  layer  which  thus  Una 
the  interior  of  tlic  cavity  of  the  embryo,  the  intestinal  canal  arises  as  i 
tube  from  the  coalescence  of  a  pair  of  lateral  ridges,  and  the  surroaadiiig 
and  exterior  portions  of  the  germinal  membrane,  elevating  ihemselvM 
above  the  constricted  apace,  coalesce  over  the  back  of  the  embryo,  9xA 
thus  inclose  it  in  a  sac  This  sac  constitutes  the  anuiion. 
and  in  this  manner,  by  folding,  the  interior  of  the  genninsl 
membrane  is  used  as  a  digestive  surface,  the  outer  as  one  for  secrerion. 
The  umbilical  cord  obtains  a  sheath  from  the  amnion,  which  at  one  end 
is  continuous  with  the  skin  of  the  foetus,  and  the  other  is  reflected  over 
the  surface  of  the  placenta.  The  amnion  therefore  constitutes  a  doaed 
SAC,  which  contains  a  fluid,  the  liquor  amnii. 

The  place  at  whicli  tlie  germinal  membrane  is  constricted,  so  as  to  lie 
able  to  act  as  a  digestive  surface  to  the  embryo,  though  linear  at  first,  ia 
gradually  narrowed  down,  and  constitutes  the  umbiUcas.  This  con- 
stricted port  is  now  the  omphalo-mcseuteric  duct,  wliich  of  cootk  oob- 
municatcs  with  the  cavity  of  the  yolk-sac,  which,  at  this  stage  of  dcvet 
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opment  in  marnroalin,  is  the  umbilical  vesicle.     In  birds,  tlie  yolk-eac  is 

carried  completely  into  the  abdomen  through  thn  umbilical  opening;  in 

mammals  it  rcmaias  exterior.     It  does  not  appear  that  the  contents  of 

■the  yolk  are  directly  absorbed  from  the  cavity  of  the  sac,  but  they  are 

carried  by  the  ramifying  vessels  to  the  liver.     These  vessels  are  there- 

-Ibre  counterparts  ol'  the  mesenteric     Eventually  folds  arise  on  llic  lin- 

Bng  membrane  of  the  yolk-sac  over  which  these  vessels  pass,  and  which 

facilitate  absorption.     In  6flh,  at  this  stage,  the  yolk-bag  hangs  down, 

and  respiration  takes  place  upon  its  surface. 

From  the  caudal  extremity  of  the  embryo  the  allantois  emerges  as  a 
ma?3  of  cells,  of  which  the  interior  linucfv,  and  the  exterior  _ 
then  constitute  a  sac  In  birds  and  in  rcptUa'i  it  reaches 
considerable  development ;  in  the  former  extending  entirely  over  the 
^olk-sac,  but  in  mammals  it  is  soon  replaced  and  shrivels  up.  It  dis- 
charges the  function  of  a  urinary  bladder,  and,  indeed,  a  portion  of  it 
continues  to  do  so  in  man.  Its  disappearance  is  the  signal  that  the  cra- 
jryo  is  now  depending  on  the  placenta. 

To  return  now  to  the  development  of  the  circulatory  system.     At 
about  the  end  of  the  eighth  week,  as  we  have  seen,  the  vcn-  D^^i^ptn^nt 
Iriclc  is  divided  by  a  septum,  the  division  of  the  auricle  not  ot  the  circuU. 
jccnrring  till  a  little  after,  and  even  then  not  being  perfect,  ^^ 

aperture,  the  foramen  ovale,  existing.     This  is  the  state  of  things  at 

about   the  twelfth  week :   of  tlic  five  branchial  arches  two  disappear, 

the  aortic  bulb  then  divides  into  two  tubes,  which  are  to  be  the  aorta 

pmd  pulmonary  artery  respectively.     Next,  one  of  the  branchial  arches 

imns  the  subclavian  and  carotid  arteries.     Of  the  middle  pair,  the  right 

obliterated,  but  the  left  remains  to  constitute  the  arch  of  the  aorta. 
K  the  lowest  pair,  the  right  forms  the  right  and  left  pulmonary  arteries, 
und  the  left  constitutes  the  ductus  arteriosus. 

The  blood-system  having  reached  its  full  de\*elopracnt,  the  fcetal  circu- 
lation m.iy  be  described  as  follows :  From  (he  placenta  ox-  j(,„  f,|.tai  eir- 
idizcd  blood  is  brought  through  the  umbiUcal  vein,  a  part  co'*ii»0' 
passing  into  the  ascending  cava  througli  the  ductus  vcnosus,  and  the  rest 
into  the  liver  through  the  vena  porta'-,  from  which,  by  the  hepatic  vein, 
it  also  reaches  the  ascending  cava.  In  its  passage  to  the  heart  it  be- 
Domes  adulterated  with  blood  derived  from  the  trunk  and  lower  extrem- 
ities; It  next  gains  into  the  right  auricle,  and,  to  some  extent,  is  kept 
from  ooQtamination  with  the  venous  blood  coming  through  the  descend- 
ing cava  by  means  of  the  Eustachian  valve,  which  directs  the  arteri- 
khzed  blood  through  the  fommcn  ovale  into  the  left  auricle,  from  which 
It  gains  the  left  ventricle,  and  also  directs  the  venous  blood  of  the  de- 
•ccnding  cava  into  the  riglit  ventricle.  The  blood  which  is  in  the  left 
ventricle  la  driven  therefrom  into  the  ascending  aorta,  and  euj>plie3  the 
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liead ;  but  the  vcnouA  blood  which  is  iu  the  right  ventncle  is  driven 
tlien^from  throngh  the  pulmonary  artery  and  ductus  arteriosus  into  tbe 
descending  aorta,  and,  mingling  with  the  artciia!  blood  thexcinf  p»»es 
to  tlio  trunk  and  legs.  Ol'  this  blood  a  portion  is  then  carried  to  tlie 
placenta  to  be  artcrialized. 

At  tlio  moment  of  birth  a  change  takes  place  iu  the  manner  of  the  cir- 
culation, which  is  now  arranged  upon  the  typo  described  at  page  131 
This  is  accomplished  as  described  at  page  14b. 

From  the  description  which  has  thus  been  given,  it  may  be  gathered 
ThrwiTpuor  that,  up  to  the  period  of  birth,  three  distinct  ty|)es  of  nutii- 
nDtriiioD.  tion  have  been  followed.  They  may,  with  sutHcicnt  aocon- 
cy,  bo  designated,  Ist,  Tolk  nutrition  ;  2d.  Tuft  nutrition ;  3d.  PlaMnui 
nutrition.  To  these  may  bo  added  tiie  two  followed  at  a  later  poiod: 
4th.  Lactation,  and,  after  the  dental  meclianism  is  supplied,  6tli.  The  diet 
of  mature  life. 

Respecting  the  development  of  special  organs,  it  may  be  remarked  tbii 
The  Terubni  ©f  thosfi  wliich  arc  permanent,  the  vertebral  coltunn  is  <n»  of 
colnnn.  ^^  first  to  api)car ;  it  shows  itself  uuder  the  form  of  isoUtpd 

qnadrangulor  elements.  The  gelatinous  cellular  structure,  chorda  dona- 
lis,  acquires  a  aheatii,  which  assumes  a  fibrous  structure,  and  from  tills. 
in  the  lower  vertebrates,  the  vcrtcbrso  are  evolved.  In  man,  the  tlc- 
mcnt^iry  quadrangular  plates  ore  considered  to  have  on  independent  uri- 
gin.  As  they  increase  in  number  and  size  they  surround  the  cbonk 
and  projections  springing  from  their  superior  surface  form  archcjs  to  at 
velop  the  spinal  cord.  Each  vertebra,  therefore,  is  constructetl  hy  the 
union  of  two  pieces,  one  on  cither  side.  These  first  assume  the  condi- 
tioa  of  cartilage,  and,  later,  the  liody  and  arches  ossify  from  scpuilc 
points.  The  chorda  dorsalis,  which  has,  during  this  development,  k«n 
gradtuilly  evolved  in  the  bodies  of  the  vertebras  disappears. 

The  bones  of  the  skull  are  metamorphosed  vprtebne,  of  which,  acconi- 
ing  to  Professor  Owen,  four  appear  to  have  undci^ne  change.  To  tljcw 
the  auditory,  gustative,  optic,  and  olfactory  nen'es  are  respectively  t^ 
luted,  in  the  same  manner  that  the  spinal  nerves  are  to  their  vcrtehnp. 

In  the  descriptions  given  in  the  preceding  part  of  this  work,  incideut- 
Deveiopmimt  al  fdlusion  1o  a  sufficient  extent  has  been  made  to  the  (level- 
tMoforMMk  op^nc'^t  of  most  of  the  apparatus  of  organic  and  obo  animul 
lift.  life.     It  may  therefore  here  bo  briefly  stated  that  tlie  ali- 

mentary canal  originates  in  the  pinching  off  of  a  part  of  the  blastodcnnic 
vesicle  below  the  spinal  column.  At  first  it  is  a  straight  tuhe,vluoii 
commtinic&tcs  about  its  middle  with  that  vesicle,  but  after  a  time  shov^ 
its  eventual  division  into  oesophagus,  stomach,  large  and  small  intestioc^ 
assuming  an  oblique  position  on  the  port  to  be  occupied  by  the  Btoiooch. 
and  then  curving  in  the  region  of  the  intestine.     From  a  part  of  this  luk 
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the  liver  emerges  as  a  thickened  deposit  of  cells,  into  which  tho  wall  of 
the  intestine  bulgca  so  as  to  form  a  kind  of  sac,  and  from  this  rudiment 
a  xamified  structure  arises,  wliich  at  last  recedes  from  its  place  of  origin, 
and  13  connected  trith  tho  intestine  by  the  hepatic  duct.  The  comnience- 
nicut  of  this  structure  is  about  the  third  week,  but  it  proceeds  with  bo 
much  ni]ii(itty  that  iu  tliu  third  month  it  nearly  tilU  tlio  abdominal  cav- 
ity. The  functions  of  tlie  liver  at  this  period  have  already  been  pointed 
out,  tho  meconium  it  secretes  being  modified  bilo  (page  202).  In  like 
manner,  from  the  digestivo  tract,  the  pancxcaa  and  salivary  glands  orig- 
inate from  masses  of  cells,  ducts  Ijcing  formed  by  deliquesccnoo  of  por^ 
tions  within.  From  the  alimentary  canal,  also  by  budding  and  deliques- 
cence, the  lungs  arise,  their  cavity  commuiiicaLing  at  tirst  by  several  apcT- 
.tures  with  the  phajynx.  This  occurs  aliout  tlic  sixtli  week-  These  organs 
arc  gradually  removed  from  tlic  place  of  origin,  hs  in  the  case  of  tlie  liver. 

The  Wolffian  bodies  arc  temporary  urinary  organs,  which  precede  the 
ludneys  and  eventually  disappear.  They  are  of  an  ovoid  xhv  WoliHaa 
shape,  and  consist  of  a  duct  from  wliich  transverse  canals  l««li«». 
branch  forth,  the  duct  discharging  into  tlie  sinus  urogcnitalis.  They 
originate  al>out  tlie  end  of  tlic  first  month,  and  commence  to  degeucrato 
in  the  tiiird.  In  fishes  they  remain  as  the  permanent  urinary  apjuirutus. 
Tho  testes  or  ovaries  arise  from  tho  inner  margin  of  the  Woltfian  body, 
the  former  being  guided  into  the  scrotum  by  the  gubemaeulum.  This 
descent  commences  between  the  fourth  and  tifth  month,  and  ia  completed 
it  birth  or  shortly  after. 

Among  the  indications  that  conception  luis  oceorred  arc  usually  ena- 
Derated,  stoppage  of  tiie  menses,  the  placental  murmur,  the  indkaUooa  of 
derelopment  of  tho  mammary  gland,  its  sense  of  pain  or  ten-  c*>"«i»tioa. 
lemess,  tho  color  of  tlie  areola,  the  turgescence  of  the  areola  and  nipple, 
frritability  of  the  stomach.  Quickening,  as  it  is  termed,  usually  occurs 
iboat  the  eighteenth  week,  and  parturition  in  the  fortieth,  or  at  the  close 
[if  280  days.  AVith  respect  to  tiiis,  it  is  admitted  that  the  term  may  be 
possibly  prolonged,  in  veiy  rare  cases,  by  40  days.  The  French  laws  le- 
ritimatize  a  chiM  l>orn  within  300  days;  and  that  such  variations  of  thn 
proper  term  may  occur  is  proved  by  observations  made  upon  domestic 
knimnin,  in  which  the  duration  of  pregnancy  can  be  ascertain-  period  of  e«*- 
td  witli  precision.  In  the  cow,  which  has  the  same  period  of  **»''»''• 
gestation  as  tho  human  female,  the  shortest  period  hitherto  obscr\'cd  ia 
lis  days,  the  longest  336.  Tho  shortest  period  at  which  human  par- 
tnrition  can  oceiu*,  consistent  with  the  \'iability  of  tho  cliild,  appears  to 

about  23  weeks. 

The  act  of  parturition  in  its  first  stage  is  to  be  referred  to  a  coutroc- 
ion  of  the  muscular  fibres  of  the  fundus  and  body  of  the  Uerlunbin  of 
Btcrus  with  a  synchronous  relaxation  of  those  of  the  cervix.  p*n«fiil«n. 
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At  a  later  period  the  contraction  of  the  expiratory  muscles  assists.  Afict 
birtb  ia  accomplished,  the  mouths  of  the  uterine  vessels  are  closed  tliroai^ 
tlio  contraction  of  the  or^an,  the  lochial  discharge  carrying  vnih  it  nr 
disintegrated  residutis  of  tiie  deciduous  memhranef  and  also  large  quanti- 
ties of  fat,  derived  probuUy  trom  the  desgeueration  of  the  uterine  istTiK- 
ture  itself. 

That  both  parents  are  concerned  in  imparting  characteristics  to  tlie 
InflymiM  of  ©hild  there  can  be  no  doubt :  it  is  fully  established  where  ther 
u>Ui  ponntj.  are  ©f  diliercnt  races*  as  white  and  black,  or  white  and  red; 
and  equally  In  the  case  of  animals,  as  in  midcs,  produced  by  the  mix- 
ture of  different  kinds.  It  ia  scarcely  necessary  to  remark  that  this  ex- 
tends to  tlic  communication  of  more  rctincd  peculiarities,  the  resemblance 
of  countenance,  figure,  gesture,  and  even  mental  quaUtics,  family  like- 
nesses which  we  daily  observe.  These  impressions  ore  of  a  much  more 
profound  cliaracter  than  might  at  lirst  bo  supposed,  as  is  proved  by  tlte 
fact  tluit  the  third  generation  wilt  exhibit  peculiarities  belonging  to  its 
])rogcnitor9,  thougli  those  peculiarities  havo  not  occurred  iu  the  second. 
Even  after  parturition  is  over  there  still  remains  imprc-ised  upon  the  fe- 
male a  dclinite  change:  this  ia  illustrate<l  by  the  well-known  case  of  i 
mare  which  had  borno  a  colt  by  a  quagga,  her  subsequent  colts  bv  horses 
being  distinctly  marked  like  the  tirst ;  and  in  the  human  femfde  casea 
ore  of  common  occurrence  in  which  the  ofi^pring  of  a  widow,  who  hu 
l>ecn  married  a  second  time,  resemble  her  first  husband.  Marriage  pn>> 
duces  in  tliia  respect  a  jxirraanent  change  in  the  female,  a  conslitutioniJ 
impression  not  disappearing  in  any  length  of  lime,  tlie  influence  of  the 
first  husband  reappearing  in  the  children  of  a  subsequent  contract. 


2i>.  OEuatinox. 

The  ascending  axis  of  a  plant  is  tcrrainated'by  a  difffercntiatiog  part, 
Gemmttion  of  8°rroundcd  by  protecting  structures.  From  this,  as  growth 
punuaa^iani-  takcs  place,  leaves  or  their  modifications  are  produced.  Ttui 
°"^  differentiating  part  is  a  bud.     In  like  manner  may  be  found 

in  the  axils  of  Icjives  similar  buds,  which  pass  by  development  islo 
branches,  but  sooner  or  Inter  the  terminal  buds  are  checked  in  their  Ion- 
gituduial  increase,  and  the  parts  to  which  they  woidd  have  given  origin 
spirally  being  compressed  into  circles,  a  flower  aritfSr 
and  further  development  ceases,  the  reproducti\'e  pbtt 
being  now  assumed. 

Among  the  lower  animals  propagation  by  butls  is 
also  observed.  Thus  the  Itydra  exhibits  this  manner 
of  increase,  as  seen  in  J^ig,  265 ;  and  even  upon  tiic 
buds  thus  produced,  other  buds,  of  a  second  order  of 
generation,  are  found. 
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Propagation  tlirougli  the  agency  of  buds  is  termed  gemmation.  It 
n&y  ho  accomplished  either  hj  the  nnturnl  or  artiiicial  ficparation  of  the 
Hids  from  tho  parent  stock.  Thus,  in  tlic  hjdra,  the  budd  may  spon- 
Uneously  be  separated  from  the  parent,  and  thereby  give  rise  to  freo  in- 
lividuals,  or  they  may  be  purposely  cut  off  with  the  ftomo  result.  In 
he  caae  of  plants,  artificial  separation  is  constantly  resorted  to,  as  in  the 
irarions  methods  of  budding  and  grafting  employed  by  horticulturists  for 
kbtaining  tlio  finer  varieties  of  flowers  or  frnits.  It  consists  srothoaaof 
Basentially  in  placing  a  bud  of  the  jjJant  wliich  it  is  desired  to  fi'^^'infi- 
iropagnte  upon  a  stock  of  a  different  kind,  in  such  a  way  that,  as  devel- 
ipment  of  tlio  bud  or  scion  takes  place,  union  or  incorporation  witli  the 
Itock  shall  occur.  There  arc  many  ilificrent  woys  in  wiiich  grafting  may 
be  performed ;  they  all  depend  for  their  success,  however,  upon  causing 
he  alburnum  of  the  sctou  to  coincide  with  that  of  the  stock,  so  that  the 
resBels  of  tlie  former  may  rcu^ive  tiie  sap  arising  from  ttiose  of  Uie  latter. 
VTbcn  tlie  ports  arc  thus  adjusted,  they  are  to  be  retained  in  tlicir  posi- 
tion by  bandages  or  other  suitable  means,  and  protected  from  the  air  and 
lain  by  means  of  clay  or  wax.  Tho  most  suitable  time  for  this  opera- 
ion  is  in  the  spring,  just  previous  to  the  rising  of  the  sap. 

There  are  certain  limits  within  wliich  the  operation  of  grafting  must 
le  performed.     The  stock  and  the  scion  must  be  nearly  re-  Umiieorgem- 
Bited  to  each  otlier.    if  species  of  different  natural  orders  be  '"•''•'°- 
unified  they  will  not  take,  but  the  species  of  tlie  same  genus  may. 

If  in  this  manner  we  take  a  bud,  and  graft  it  on  a  stock  of  an  allied 
tind,  it  will  continue  to  grow  ond  develop  in  the  same  man-  „  . 

ler  that  it  might  have  done  without  dettchment  &om  the  propA^rntion 
mrcut  plant,  and  in  the  same  manner  from  the  new  plant  that  ^^  B*="^»tioii. 
las  thus  arisen,  by  a  rc[}etition  of  tho  process,  plant  after  plant,  for  many 
^ncrations,  con  be  secured.  Kx])ericnce  has  taught  us  that,  whatever 
'might  have  been  tlic  peculiarities  of  the  original  from  wliich  the  first  bud 
was  taken,  those  peculiarities,  whether  of  odor,  taste,  color,  or  shape,  will 
reappear  in  the  product ;  but  ejcperienco  lias  also  taught  us  that  there  ia 
%  limit  beyond  which  tliesc  repetitions  can  not  be  conducted.  The  val- 
ued fruits  and  tiowcrs  of  the  old  times  have  thus  disappeared.  Propaga^ 
ion  by  gemmation  is  therefore  considered  as  tending  to  exhaust  the  orig^ 
Dal  plastic  power.  But  it  Lh  to  be  remarked  tliat,  if  from  these  artificial 
growths  seeds  Ite  taken  and  caused  to  gcnuinat<^  the  plants  so  arising  no 
onger  present  tho  special,  and,  [>erhaps,  valued  pecuUarily,  but  in  many 
Dstancos  run  back  at  once  to  the  original  and  wild  stock. 

We  are  apt  to  attach  to  propagation  by  gemmation  more  importance 
lion  it  really  deserves  in  a  philosophical  point  of  view  when  it  thus  a|^ 
tears  to  have  given  rise  to  new  and  successive  generations  of  individnals. 
Bat,  after  all,  wherein  does  it  differ  essentially  (roia  what  goes  on  nature 
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ally  ?  The  manner  of  extension  of  any  given  plant  is  by  bud  afta  bod 
in  succession,  cither  terminal  or  axiUiiry ;  but  this  extension  does  not  ge 
on  indefinitely;  it  reaches  a  limit  both  us  respects  size  and  dDralioa. 
\A''c  never  notice  in  the  development  of  a  bud  which  remains  attached  to 
its  parent  stock  tlic  spontaneous  appearance  of  novel  qnalitics.  The 
flowers  and  fruits  arc  like  all  the  otlicrs  upon  the  same  plant.  If  sndi 
a  bud*  then,  removed  from  its  [lorcnt  scat,  be  permitted,  imder  favoraUe 
conditions,  to  grow  elsewhere,  it  might  be  expected,  as  is  actually  the  case, 
that  it  would  go  on  in  its  development  without  exhibiting  any  aiteiatioos. 

llssentially  of  on  exhausting  nature,  reproduction  by  gommation  1i 
limited.  It  can  only  be  repeated  a  definite  number  of  times.  At  the 
most,  all  that  wo  do  in  this  artificial  process  is  to  obtain  a  part  of  an  oU 
iudividu.il  under  a  new  and  isolated  fonn.  We  thereby  relieve  soch 
new  growth  from  tlie  chance  of  tliose  accidents  which  may  be&Q  tb 
ori^nol  stock ;  but  both  for  the  one  and  for  the  other  there  is  a  definite 
term  of  life.  When  that  term  is  approached,  though  we  may  take  n- 
ons  or  buds,  and  treat  them  with  every  care  in  the  usual  operation  of 
grafting  or  budding,  the  o[)cration  will  fail. 

There  is  a  certain  analogy  between  this  incorporation  of  the  ports  of 
different  plants  and  the  so-called  grafting  or  Tnhacotian  operations  whki 
arc  sonictinies  pcrtbrmed  on  the  parts  of  animals,  aa  the  transplantation 
of  the  spur  of  one  bird  on  the  top  of  the  comb  of  another,  or  many  of  tlie 
plastic  operations  of  surgery;  but  these  parts  do  not  necessarily  periflh 
in  the  maimer  which  lias  been  indicated  by  Butler  in  his  Hudibraa. 

Propagation  by  gemmation  and  reproduction  by  generation  arc.  in 
many  instances  in  the  animal  series,  resorted  to  alternately  for  the  cob* 
tinuation  of  the  race.  Thus,  during  the  summer  season,  propagation  lif 
gemmation  may  serve  to  increase  the  number  of  a  given  kind,  but  if  lliew 
should  be  unable  to  maintain  themselves  dnring  the  cold  of  winter,  tbft 
race  would  inc\Htably  become  extinct,  nnlcss  reproduction  by  ova  wwe 
resorted  to;  for  titough  (he  developed  animal  may  not  be  able  to  with- 
laflucnw  of  stand  the  decline  of  temperature,  the  ova  may.  Thus,  io 
IpoiSuI^i.""""  ^  bydra,  proiwcation  by  gemmation  continues  until  the  ex- 
g*niin»ti(>ii.  temal  temperature  lowers  to  n  certain  degree,  and  lliat  «t 
once  brings  on  a  reversion  to  the  other  process.  The  same  thing  bu 
been  obscn*ed  in  the  cose  of  the  ajdiis,  which  multiplies  by  gemmation 
until  there  is  a  reduction  of  temperature,  and  then  it  multiplies  bygeirtf* 
ation.  Wq  have  already  dwelt  at  length  on  the  control  which  extcnul 
circumstances  have  over  development;  it  is,  therefore,  no  more  than  might 
be  expected  that  they  should,  in  like  manner,  determine  the  processes  of 
pro|)agatton  and  reiirodnction.  * 

Gemmation  occurs  only  in  a  very  doubtful  way  and  under  special  (^ 
camslanoes  among  the  more  advanced  members  of  the  animal  series.    In 


ALTERXATIOn  OF  CENERATI0N8. 


an,  there  is  reason  to  suppose  tliat  gemmation  can  only  take  place  in 
Jic  earliest  periodB  of  existence,  perhaps  at  the  epoch  of  (he  formation  of 
lie  mnlbciry  mass.     Upon  this  principle  on  explanation  of  tlio  occur- 

Qce  of  double  monsters  has  been  given. 

3d.  altkhnatiok  of  oekebatioss. 

It  has  been  ohrcady  explained  that  by  this  phrane  is  meant  that  a  pa- 
bent  plant  or  animal  will  give  origin  to  a  form  wholly  unlike  . . 
itsell',  and  this  fonii,  perhaps  after  the  lapse  of  years,  will  luntioa  aud 
,ve  ori^  to  another  unlike  itscU',  but  gimilar  to  the  original  c""""*"- 
progenitor.  Tliusthe  Salpaj  present  thoniselvea  under  two  different  as- 
ipccts,  the  solitary  and  the  aggregated,  the  latter  being  produced  from  the 
icr  by  being  budded  off  in  an  internal  stolon,  the  individuals  being 
ited  to  one  another  in  an  aggregation  or  chain  after  they  have  been 
parated  from  the  parent.  These  aggregated  salpai  alone  have  sexual 
and  produce  uva.  From  eacli  ovmu  a  solitary  salpa  arises,  which 
peats  the  process  describeil  again.  The  solitary  salpa,  then^fore,  mul- 
iplies  by  gemmation,  the  aggregate  by  generation.  Nor  is  this  process 
iniined  to  animals ;  it  is  also  observed  in  tho  case  of  plants.  Thus, 
ferns,  the  spore  produces  the  prothalliuni,  which  becomes  a  distinct  or- 
ism,  separated  from  its  parent,  and  carrying  on  its  nutritive  processes 
dependcntly  for  itself.  l*'rom  it  arises  by  generation  a  fern  like  tho 
iriginal,  which,  like  it,  by  gemmation,  produces  prothalJia,  but  never 
idircctly  producea  a  fern.  Therefore  betwceu  each  fern  and  its  dcscend- 
t  a  jirothallium  inter\'enes,  the  prolluUlium  onsing  by  gemmation  from 
iC  fern,  and  a  fern  arising  by  generation  from  the  prothallium. 
After  a  careful  examination  of  Stdenatiup's  doctrine  of  alternations  of 
incration.  Dr.  Carpenter  concludes  that  it  can  not  bo  re^  ,.  ,  .. 
'ved  in  the  form  originally  presented,  since  wc  should  re-  of  «licniKtk>ni 
d  a  generation  as  embracing  the  entire  product  from  gen-  "'e''"*"''®''' 
;<entive  act  to  act.  Indeed,  (he  intermediate  forms  are  of(en  nothing 
;ore  than  sexual  organs,  furnished  or  not  yvith  an  apparatus  of  locomo- 
ion,  or,  in  the  more  compIicate<l  cases,  having  a  mechanism  of  nutrition 
ttoched  sufficient  for  their  purpose.  The  correctness  of  this  inter|)rcta- 
ion  may  be  illustrated  by  such  cases  as  tho  dcvclopmeut  of  medusa  buds, 
'Iiich,  being  first  attached  to  the  parent,  gradually  exhibit  the  formation 
f  an  independent  digestive  nj>paratu«,  and  when  this  has  reached  a  ccr- 
in  degree  of  perfection,  they  are  separated  and  swim  off,  generative  or- 
then  arising  in  these  buds  by  which  true  ova  arc  formed-  In  the 
itularida;  buds  arc  dcvclo]>ed  in  ovarian  capsules,  and  these  reproduco 
,an  their  turn  ova  by  generation.  The  rate  at  which  gemmation  goes  on 
in  many  of  these  instances  is  obviously  connected  with  physical  condi- 
tions, more  particidarly  the  degree  of  temperature  and  the  supply  of  food. 
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The  fact  of  the  apparent  disaimilarity  between  the  product  of  gemmi- 
tion  and  the  product  of  generation  ceases  to  have  any  force  as  soon  u 
we  consider  the  former  in  the  attitude  which  it  really  ought  to  occupy, 
as  not  constituting  a  distinct  individual,  but  merely  a  part,  a  derivative, 
or  an  appendix  of  the  product  of  generation ;  and  this  view  of  Dr.  Cfl^ 
penter's  ^ecms,  therefore,  to  be  the  proper  interpretation  of  the  whole  case. 


CnAPTEB  V. 
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Tiffmey. —  Weight  <md  Site  ^tA«  Jnfimt. — Weight  mdSim  at  Mh§eipiett  J^TVMb.~-J)mibp- 

wemt  t(f  tin  InuUtct. — Maturity  of  Man. —  TemJoHy  to  Crimt.—JU9Ama  <^'Ii^noaImd^m- 

tal  StrTMi^th. 
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>WcltMJ,  tmd  ilorta&ly  of  the  t*eo  Sett*. 
Arti/ieiai^Mc^^Li/e, — Gmduai  Cba>is«  n  tha  Mtntai  Qfialiiia, — Imdepaukmt  Erigtma^ 
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In*  the  last  chapter  the  successive  stages  of  embryonic  development 
were  described.  It  was  shown  that  at  one  period  natrition  is  solely  at 
the  expense  of  the  yolk  of  the  ovum,  which  is  appropriated  by  a  simple 
surface-imbibition ;  and  that  tliis,  in  due  time,  is  succeeded  by  what  his 
been  designated  tuft  nutrition.  At  a  later  period,  this  mode,  in  its  tnra, 
is  replaced  by  another,  depending  on  a  vascular  arrangement,  the  pi** 
Infancy  of  ccnta.  For  a  considerable  jwriod  after  birth  a  fourth  ftystero  i« 
*"•  ndied  on,  nourishment  by  milk  ;  and  it  is  only  by  degrees,  whea 

the  necessary  changes  have  been  made  in  the  digestive  mechanism,  the 
teeth  being  cut,  that  the  final  mode  of  nutrition  is  assumed.  Even  after 
this  the  human  infant  leads  a  dependent  life,  because  of  its  oM'n  weak- 
ness and  imbecihty,  irrespectively  of  any  peculiarities  of  our  social  state. 
So  &r,  therefore,  from  man  not  cxliibiting  those  metamorphoses  which 
are  undergone  by  the  lower  memltcrs  of  the  animal  series,  he  of  all  dis- 
plays them  in  the  most  marked  way,  for  they  do  not  cease  at  the  period 
of  birth,  but  reach  through  many  subsequent  years — a  gradual  develop- 
ment of  the  body,  attended  by  a  gradual  cliangc  in  the  manifestations  of 
the  mind. 

At  birtli,  the  human  infant  is  the  very  representative  of  weakness  and 
imbecility.  Thoagli,  unlike  many  other  mammals,  it  opens  its  ey«  at 
once,  it  exhibits  no  token  of  visual  perceptions ;  though  it  may  be  sub- 
jected to  sounds  or  noises  of  various  kinds,  it  takes  no  notice  whatever 
of  tltem.  This  condition  of  inertness  is  followed  by  a  condition  of  con- 
fused sensation,  which  by  degrees  is  succeeded  by  a  capability  of  ap- 


d 


THE  TEETH. 


539 


preciatbig  special  ideas.  Bai^bn  has  vciy  truly  said  that  tlio  earliest 
iotl  of  conscious  existence  is  a  scene  of  pain,  the  liib  of  tbo  infant  bo- 
fong  divided  between  sleep  and  crying;  from  its  slumbers  it  is  awakenc<.l 
only  by  the  pains  of  hunger ;  nor  is  it  until  after  tiic  lapse  of  many  days, 
or  oven  ww.ks,  tliat  the  first  smile  is  seen.  It  is  too  feeble  to  tuni  from 
■ftide  to  side,  but  remains  in  tlic  position  in  wliicli  it  was  placed.  Its 
fikjn,  which  at  birth  was  covered  over  with  a  whitish  incmstation,  the 
^emix  caseosa,  becomes  reddish,  the  depth  of  this  tint,  however,  shortly 
passing  away.  At  tliis  period,  moreover,  life  is  purely  vegetative,  tlie  in- 
iant  feeding  and  sleeping.  The  biliary  matter,  meconium,  which  had  ac- 
cumulated in  its  intestine  during  foetal  life,  is  discharged  in  the  course  of 
^«  day  or  so  after  birth,  and  the  digestive  apparattis  enters  on  its  functions 
■with  activity. 

'  It  is  said  that  the  infant  smiles  soon  after  it  is  forty  days  old ;  though 
it  can  cry  it  can  not  shed  tenrs.  Uetbre  long  it  givej*  indications  of  its 
BAtiaiactions  and  dislikes.  The  power  of  moving  in  an  erect  posture  is 
fgained  by  it  in  the  course  of  a  year,  and  by  the  close  of  that  time  it  can 
masticate.  Of  its  teeth,  the  central  incisors  appear  about  the 
seventh  montli,  those  of  the  lower  jaw  first;  the  lateral  incisors 
about  the  eight  or  tentli,  the  anterior  molars  about  the  l^t'clfth,  and  the  ca- 
tbines  about  tho  eighteenth,  tlie  posterior  molars  being  cut  between  that 
HiRio  and  tliree  years.  The  average  date  of  the  appearance  of  the  pcrma- 
«ent  teeth  is,  tho  front  molars  about  the  seventh  year ;  middle  incisors, 
ieighth;  bteral incisors, ninth;  anterior  bicuspids, tenth ;  second  bicuspids, 
%le\'enth;  canines,  twelfth  to  thirteenth;  second  molars,  twelfth  to  four- 
^nth;  and  the  Ust  molars  from  the  seventeenth  to  the  twenty-first  year. 
^  The  power  of  articulate  speech  is  displayed  within  twelve  or  fifteca 
finonths,  some  letters  being  more  easily  gained  than  others;  among 
them  are  A,  B,  P.  31.  '^^ 

From  liencefortb  the  mind  emerges  with  rapidity  from  the  confusion 

E'a  multitude  of  impressions,  and  learns  to  concentrate  itself  r  „„  . 
;  pleastire  upon  one.    This  capability  of  mental  abstraction  of  ihe  uieo- 
a  process  of  specialization,  and  is  a  manifestation  of  the  ''**'^ 
iaw  of  Von  Bar.    The  intellectual  difference  which  we  eventuiUIy  observe 
tabetweeo  one  man  and  another  is,  to  no  inconsiderable  degree,  dependent 
rapon  such  an  ability  of  concentrating  thought,     lie  who  conceives  of  a 
Kbing  distinctly  is  very  likely  to  express  himself  of  it  clearly. 
i    Throughout  intancy  and  childhood,  the  features,  and  even  the  gestures, 
ilndicate  the  profound  constitutional  changes  whicli  ore  going  on.     The 
tcountenanec,  instead  of  expressing  pleasure  and  pain  in  tho  aggregate  by 
imiling  or  crying,  as  was  the  cose  at  firat,  gains  tho  faculty  of  rcpresent- 
g  every  grade  of  feoiing,     Ix>ng  before  maturity  is  reached  we  read 
itiiout  difficulty  the  thoughts  wbich  are  passing  in  the  mind  from  the 
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movements  of  tlic  Ii[)  or  the  eye,  and  the  painter  can  express  every  slutle 
of  feelmg,  and  cx'ery  emotion,  by  the  mere  contiguration  of  the  outmri 
form. 

The  monthly  growth  of  the  fcetus  for  six  mouthji  before  birlh  is  a- 
Ucu  length  tabliahcd  at  two  inches.  At  birth,  tlie  mean  length  of  bojt 
"'  "*•  '"^^^^  is  1&^  inches,  and  of  girls  Ibi  inches,  the  former  being  then- 
fore  a  little  the  longer. 

At  sixteen  or  seventeen  years  the  growth  of  girls  is  relatively  as  mndi 
Growth  of  boyi  advanced  as  that  of  youths  of  eighteen  or  ninctcoiu  For 
""^  V*^  the  most  part,  the  inhabitants  of  towns  are  taller  than  then 
of  tlie  country.  The  full  height  is  jiot  reached,  in  some  instances,  mlil 
twenty-five  years ;  in  very  warm  and  \ery  cold  climates  it  is  more  quick- 
ly attained.  The  recumbent  position  is  regarded  as  being  favorahle  lo 
growth,  and,  influenced  by  his  own  weight,  an  indix-idual  is  shorter  in 
the  evening  than  when  he  first  rises  from  bed  in  tlic  morning. 

With  regard  to  the  rate  of  growtli,  it  may  be  observed  that  it  is  most 
rapid  inmiediately  alter  birtli,  and  contiimally  dirainislies  until  abont  fire 
years,  the  epoch  of  maximum  of  probable  life.  It  then  remains  cqualla 
to  about  sixteen  years,  the  annual  growth  being  2-^  inches.  After  pn- 
Lerty  it  decHnt'S,  being,  from  sixteen  to  seventeen  years,  1 J  inches,  sad 
during  the  next  two  1  inch  only.  "The  annual  increment  relatively  lo 
the  height  then  attained  continuAlly  diminishes  from  birtlu  Thefrctni 
grows  as  mucli  in  length  in  a  month  as  the  child  from  G  to  16  yetn 
does  in  a  year.  The  limits  of  growth  of  the  two  sexes  are  unequal,  b^ 
cause  women  arc  smaller  than  men,  terminate  their  growth  sooner,  tod 
annually  grow  less.  Individuals  in  oilluent  circumstances  may  often 
surpass  the  standard  height,  bat  misery  and  fatigue  are  liable  to  produce 
tiie  opposite  etfcct.  Longevity  is  generally  less  for  persona  of  great 
height 

As  to  the  maximum  and  minimum  of  height,  it  may  be  remarked  tlat 
jj^  .  Frederick  the  (Jrcat  had  a  Swedish  body-guard  whose  height 

nloinotn  was  eight  feet  tliree  inches ;  and,  on  the  other  hand,  Bird) 
btigbt  mu.  gjg^^  jjj^4  there  was  an  individual,  37  years  old,  whow 
height  was  sixteen  inches.  In  view  of  these  and  other  such  factSt 
Quetelet  fixes  on  8  feet  3  inches  as  the  maximum,  and  1  foot  5  incbes 
as  the  minimum  of  height;  he  gives  as  the  mean  5  feet  4  incheiu  Half 
the  men  of  France,  at  the  age  of  conscription,  are  betwpen  5  feet  2  inches 
and  5  feet  6  inches,  but  the  wars  incident  on  the  great  Revolution  made 
a  portnanent  impression  on  the  French  in  this  respect  by  lowering  the 
standard  through  the  consumption  of  the  taller  men.  5L  Quetelet  more- 
over remarks,  that  in  ten  millions  of  men  there  is  but  one  more  than  6 
feet  8  inches,  and  one  less  than  4  feet.  There  is  reason,  however,  to  !»• 
lievc  that  this  statement  will  not  hold  good  of  America, 
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As  regards  weighty  new-bom  boys  are  heavier  llian  girls.  An  average 
taken  from  20,000  gives  Oj^  lbs.  as  tlie  weight  at  birtii ;  the  weight  of 
maxima  and  minima  Iiavc  been  lOJ  lbs.  and  2^  lbs.  Kor  about  "''"'"i*- 
a  week  after  birth  the  weight  diminishes,  owing  to  the  effect  of  aerial 
respiration.  The  difference  in  weight  between  the  two  sexes  gradually 
diminishes  until  about  the  twclftii  year,  when  an  equality  is  reached. 
The  maximum  weight  is  attained  about  40,  and  as  60  is  ap-  1^^(1,4  ,( jjc 
pronched  a  diminution  is  perceived,  which  reaches  12  lbs.  fcrent  perioiu 
at  about  80  years,  tiie  stature  likewise  correspondingly  di-  **  "^" 
minishing  by  about  2]  inches ;  the  female  reaches  lier  maximum  weight 
somewliat  later,  at  about  50  years.  The  extreme  limits  of  weight  in 
men  are  108  lbs.  and  210  lbs. ;  in  women,  87^  lbs.  and  ^OC^  lbs.  The 
mean  weight  at  nineteen  is  nearly  tliat  of  old  age  in  both  sexes.  At  full 
development  the  male  and  female  wcigli  almost  exactly  20  times  as  much 
as  at  birth.  In  the  iirst  year  the  infant  of  both  sexes  triples  its  weight. 
It  requires  six  years  more  to  double  that,  and  thirteen  to  quadruple  it. 
Immediately  after  puberty  both  sexes  have  half  their  ultimate  weight. 
Between  the  ages  of  2d  and  40  the  mean  weight  of  the  male  is  136^  lbs,, 
and  of  the  female  120^  lbs. 

With  respect  to  the  relation  between  weight  and  height,  if  man  increased 
equally  in  all  his  dimensions,  the  weight  would  be  as  the  cube  R^|„i(,n  ^ 
of  the  height ;  but  since  tiiia  is  not  so,  development  taking  place  bii4,'iii  aud 
unequally,  the  proportion  is  not  obsencd,  and  it  ia  found  that  ^*"''  ^ 
from  the  end  of  the  llr^it  year  to  puberty  the  weights  arc  as  the  squares 
of  the  heights.  M.  Quetelet  gives  as  an  approximate  rule  that  during 
development  the  squares  of  the  weights  at  different  ages  arc  as  the  lifth 
power  of  the  heights,  the  transverse  growth  being  less  than  the  growth 
in  height.  The  mean  weight  of  a  male,  without  reference  to  age,  is  i03J 
lbs. ;  of  a  female,  U3^,  A  similar  calculation  for  the  population  of  the 
United  States  as  that  which  has  been  given  by  this  philosopher  for  Brus- 
sels would  give  for  the  total  weight  of  all  ^Vmericans  two  thousand  six 
hundred  and  thirteen  millions  of  pounds. 

The  weight  of  an  individual,  considered  without  reference  to  age  or 
sex,  is  9Sl  lbs. 

1  From  birth  until  puberty  the  mode  of  life  is  essentially  vegetative,  all 
tliC  instincts  having  relation  to  the  individual  and  corporeal  development. 
£xcept  through  tiie  intervention  of  cducaliun,  tlie  desires  uf  the  child  am 
cjiicfly  directed  to  the  j>leasun.>J  of  mere  vegetative  exlstcncCt  eating  and 
drinking;  and  this,  in  savage  races,  is  witnessed  in  a  much  more  mark- 
ed manner  tlian  in  those  tliat  are  civilized,  in  whom  tlie  manner  oflit'e  is 
affected  through  the  ijitervenlion  of  parental  care.  In  this  particular  it 
may  be  remarked  tlint  maternal  love  is  divisible  into  an  in-  MatcmiU  lov© 
stinctive  and  a  moral  affection,  the  former  of  a  lower  and  ^  i^"  i''"'^- 
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more  animal  kind^  the  latter  of  a  higher  and  intellectunl ;  tlie  formeT  Urn- 
ited  to  the  period  of  infantile  helplessness  and  dependence,  and  succeed- 
cd  by  the  latter  as  maturcr  years  arc  attained.  In  savage  races,  howev- 
er, instinctive  affection  seems  alone  to  exist,  and  the  intensity  of  moral 
affection  is,  to  a  certain  extent,  a  measure  of  civilization.  Througlioot 
Ch  r  etc  f  ^^'®  ^^^^  tiftccn  years  of  life,  tt*ith  the  gradool  dcrdopmect 
the  life  oTchU-  of  the  body  there  is  also  a  steady  intcllccttial  progress,  die 

"'  gains  of  which  seem  to  be  greatest  at  (he  earlier  periods,  aaj 

less  and  less  marked  as  maturity  is  approached.  When  we  recall  l6a 
wonderful  advance  accomplLshed  in  the  tirst  years,  embracing  the  ac<pih 
sition  of  speech,  and  a  knowledge  of  the  nature  and  qnalittes  of  a  liiOB- 
sand  surrounding  objects,  we  might  be  led  to  suppose  that  our  nuMd 
acquisitions  decline  with  the  progress  of  life ;  but  this  is  altogether  de- 
ceptive; for,  though  the  acquirements  of  later  j-ears  be  less  obvious,  they 
are  none  the  less  iniport:mt  and  none  the  lei>s  profound. 

Through  the  successive  changes  to  which  allusion  has  now  bceo  vuAt, 
Tli«  matarlty  €at:h  of  which  in  a,  strict  mctiiinorphosift,  and  eacli  of  wbidi, 
of  nuQ.  ivitli  its  s{)ccial  structures,  lias  its  Pjjecial  functions,  man  at  list 

reaches  maturity.     In  some  cases,  as  wc  have  seen,  the  stature  contin- 
ues increasing  until  after  the  twenty-fifth  year,  and  tlirougliout  the  whole 
mature  period,  even  after  what  has  bceu  termed  the  meridian  of  life  a 
gained,  the  weight  also  becomes  greater.     This  increase  of  weight,  how- 
ever, has  not  so  much  a  relation  to  the  muscular  as  to  the  rcsjiiratory  8t»* 
tern,  for  the  former  reaches  its  perfection  at  a  much  earlier  dale,  the  ia- 
creasing  development  of  the  middle  period  of  life  being  due  to  a  contLau«^ 
tendency  to  the  accumulation  of  fat.     At  this  period,  moreover,  the  object 
of  life  has  undergone  an  entire  cliange ;  the  vegetative  propensity,  or  that 
for  the  exclusive  development  of  the  individual,  has  declined  in  prom- 
inence, and  the  reproductive  has  been  assumed.     With  this  there  btvc 
been  awakened  new  sentiments  and  new  emotions,  affording  still  another 
corroborative  proof  of  the  connection  of  mental  habitudes  and  structural 
condition.     The  psychical  powers  arc  now  advancing  toward  maturity^ 
an  advance  wliich  they  continue  to  make  until  about  the  fiftieth  yoor. 
Throughout  this  wliole  period,  and  even  at  this  extreme  date,  we  still 
notice  how  much  intellectual  capacity  is  connected  with  the  perfection  of 
corporeal  development.     It  needs  bnt  a  little  exjiericnce  for  ua  to  de- 
termine at  a  ghtncc  the  intelligent  from  the  obtuse,  and  to  read  even  the 
minor  shades  of  cluiractcr  in  the  aspect  of  tlte  face.     Without  being 
aware  of  it,  we  are  constantly  putting  into  requisition  the  principles  of 
phrenology  and  physiognomy,  and  drawing  concltisions  respecting  cliar- 
acter  to  a  certain  degree  correct,  from  the  expression  of  the  eyes,  tlie  lin- 
eaments of  the  countenance,  or  the  configtmilton  of  the  head. 

The  octiona  of  man  are  closely  connected  with  the  physical  and  monl 
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circumstances  under  wliich  he  is  placed.  The  greatest  num-  ,j^  emdeDCT 
ter  of  crimes  against  persons  and  property  is  among  the  inhab-  to  crime  Ib 
itantd  of  river- banks.  The  period  of  the  maximum  of  crimes  ""^' 
Against  persons  coincides  irith  that  which  is  the  minimum  ngninst  prop- 
erty, and  is  the  summer  season.  As  respects  each  ijidividual,  his  tend- 
ency to  crime  is  at  first  a^^aiiLst  property,  and  this  reaches  its  nioxiuium 
at  about  25  years  of  age,  whereas  tlie  tendency  to  crime  against  persons 
commences  later  tlian  that  against  property,  and  increases  with  the  in- 
crease of  strength.  In  crime,  man,  as  lie  grows  older,  substitutes  stratar- 
gem  for  force  K  brought  up  in  a  liberal  profession,  his  tendency  in 
crime  is  nguinst  persons,  but  that  of  the  workman  is  against  property. 
Elemcntaiy  instruction,  so  far  as  reading  and  writing  go,  docs  not  lead 
to  the  diminution,  but  rather  to  tlie  increase  of  crime :  a  very  p-sji^j^m  ^, 
important  conclusion,  more  particularly  in  the  United  States,  fft  uf  low  ad- 
in  many  portions  of  which  this  kind  of  education  is  chieBy  ^^  ""'' 
patronized  by  government,  to  the  exclusion,  to  a  certain  extent,  of  that 
which  is  of  a  Iiighcr  grade,  and  which  scn'es  to  correct  this  important 
delect.  Moreover,  superficial  education  makes  the  mind  a  ready  recep- 
tacle for  every  kind  of  imposture,  and  has  been  the  cause  of  the  r.ipid 
spread  of  many  modem  delusions,  such  as  spiritualism  and  honia-o]>athy. 
As  regards  women,  ihcir  tendency  to  crime,  when  compared  with  that 
of  men,  is  as  23  to  100 ;  at  least  this  is  tlie  case  in  France-  »^  ^  j^  .^ 
Xheir  tendency  for  the  perpetration  of  crimes  against  persons  u»  crime  ia 
is  less  than  tliat  for  crimes  against  property  in  the  propor-  *'*'"*^"- 
.tion  of  IG  to  26.  It  is  interesting  to  observe  that  the  physical  force  of 
nworoan,  as  compared  with  that  of  man,  is  also  as  IG  to  26.  From  such 
jconsidcrations,  it  may  therefore,  pcrliaps, !»  concluded  that  the  morality 
of  women  is  about  the  same  as  that  of  men,  their  physical  feebleness  and 
modesty  being  taken  into  accoimt.  In  woman,  the  maximum  tendency 
for  crime  occurs  at  about  30  years,  but  then  slic  rplintini8hc-«i  that  diwpo- 
Bition  sooner  than  man.  Her  tendency  to  theft,  however,  Ix-gins  early, 
•nd  lasts  through  life.  AVhcn  she  desires  to  commit  murder,  she  em- 
jiloys,  by  preference,  poison.  In  this  may  be  discerned  the  influenec  of 
her  constitutional  element,  physical  feebleness.  Timid  at  explosions  and 
at  the  sight  of  blood,  if  driven  to  tlic  extremity  of  scli^estruction,  she 
instinctively  resorts  to  drowning.  Women,  like  men,  who  are  the  rcs- 
adents  of  towns,  arc  much  less  moral  than  those  who  live  in  the  countrj'. 
This  may  be  inferred  from  such  facta  as  that  the  annual  percentage  of 
stilt-births  occurring  in  the  former  is  vcrj'  near  double  of  that  occurring 
in  the  latter  case ;  and  tlioagh  this  may  be,  to  a  certain  extent,  connect- 
ed with  the  fashionable  restraints  of  clothing  and  social  dissipations,  it 
in  far  more  due  to  female  depravity.  The  iliegitimato  births  of  towns 
compared  with  those  of  the  country  are  as  23  to  7.     Among  the  still- 
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born,  the  Ult^tiinatcfl  arc  to  tho  legitimates 
Berlin,  the  illegitimate  still-births  are  to  tiic  li^tiDiate  in  ma  high  a  pro- 
portion a3  3  to  1. 

Tho  passions  of  man  arc  gratitied  in  a  manner  tliat  aeenna  to  bo  iml^ 
pendent  of  religious  profession.  The  open  dissoluteness  of  one  coantry 
is  counter! K>iscd  by  tlic  secrct  crime  of  another.  Protestant  LngUnd 
and  Catholic  I'ranec  exhibit  a  Etriklug  illustration.  In  the  former,  ia 
1845,  the  number  of  illegitimates  was  70  per  thousand  of  the  whole  num* 
ber  of  children  bom.     In  France  it  was  about  71. 

Daring  tlio  process  of  tlie  development  of  the  intellect  of  man*  varioos 
SoccvMioB  of  P^y^^^'cal  persuasions  in  succession  arise,  wliich  are  frequent- 
iwyehloKl  per-  ly  imputed  to  education  or  tradition,  but  of  which  the  origin 
BDu  OTi*.  jj^  undoubtedly  to  be  traced  to  the  organization.  Those  gen- 
eral ideas  tlmt  arc  found  all  over  the  world,  among  all  races  of  mankiml, 
whatever  may  be  the  climate  in  which  they  live,  their  social  condition, 
or  religious  opinions — ideas  of  what  is  good  and  evil,  of  virtue,  of  the 
efficacy  of  penance  and  of  prayer,  of  rewards  and  pimishments,  and  of 
another  world:  these,  from  tho  uniformity  of  their  existence  in  all  ages 
and  in  all  places,  must  be  imputed  to  the  stamp  that  has  been  put  upon 
our  cerebral  organization.  In  tlic  same  light  we  roust  view,  as  Dr.  Prich- 
nrd  has  said,  tlie  delusions  and  fictions  which  arc  universal,  such  u 
ghosts  and  genii,  giants  and  pigmies.  Universal  opinions  are  not  the 
result  of  accident,  nor  always  of  tradition.  They  are  often  creations  of 
the  mind,  arising  from  peculiarities  of  its  constitution. 

Arrived  at  maturity,  the  system  of  man  commences  at  once  to  decline 
8ooceMiTi!mttx>  the  opochs  of  thc  maximum  of  physical  and  mental  strength 
Md  iw*nui  '^'^'  "'^*'  however,  coinciding ;  that  for  the  farmer  occurring  at 
■trench.  about  the  25th  year,  as  previously  remarked,  but  that  for 

the  latter  not  until  between  thc  4Dth  and  50tli  year.  At  this  period, 
wiicn  the  ftowcrs  of  imagination  and  reason  have  reached  their  high^t 
degree,  thc  liability  to  mcutid  alienation  and  insanity  is  also  at  its  max- 
Ordor  of  nwrn.  "'*"™*  Somewhat  later,  tho  physical  systian  plainly  be- 
ihI  and  phyii-  travH  (hat  it  is  pursuing  Its  downward  course,  retracing  the 
c  ci  inc.  Bleps  through  which  it  pasiwd  forward  to  dcvclojimcnt*  Soon 
tlierc  is  an  evident  decrease  of  wei^t,  tlio  imtritivo  oi>eralions  being  no 
longer  able  to  repair  tlio  waste  of  (he  body.  There  is  also  a  diiniuution 
of  tlio  height.  Tliia  corjioreal  decay  is  the  signal  for  a  depression  of  the 
mental  powers,  the  first  which  begins  to  yield  being  probably  that  of  con- 
centrating or  abstracting  the  thought.  As  years  pass  on,  external  im- 
pressions exert  a  diminished  inllueuce,  and  ho  who  at  an  earlier  jKnod 
reached  tho  moaning  of  things,  as  it  vrerej  almost  by  intuition,  now  casts 
his  eyes  over  page  after  page  without  an  idea  being  connnunicntcd  to  hi3 
mind.     The  old  man  querulously  complains  that  ho  reads  his  book,  but 
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docs  not  understand  wliat  it  mciuis.  With  this  fuilurc  of  per-  Estnmw  old 
ce|)tion  the  )»owcra  of  memory  decUnc,  recent  events  fading  *b'*- 
avesiy  Hrst,  but  those  of  early  iifc  being  recollected  last.  The  present  no 
longer  {wsaesscs  an  interest,  for  the  brain  ia  less  capable  of  receiving  any 
new  impressions.  One  after  another,  the  organs  of  sense  fail  to  discliarge 
their  fimctions;  tlic  sight  becomes  misty,  the  hearing  dull;  there  is  an 
indisposition  for  exertion,  a  desire  for  repose.  The  white-bearded  pa- 
triarch of  u  hundrud  years  sits  quietly  by  the  iiresido,  resting  his  hands 
on  the  top  of  his  statT. 
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The  mortality  of  towns  is  greater  than  that  of  the  country.     As  wc 
advance  from  the  midst  of  the  temperate  region  toward  the   j^p^j  ^^j, 
e<inator  or  toward  the  poles,  it  also  increases:  thus,  in  tho  *«'i'y- 
northem  portions  of  Europe,  tlie  annual  mortality  is  as  1  to  41 ;  that  of 
Central  Europe,  1  to  40-j^ ;  that  of  Southern  Europe,  1  lo  33^(j.     Con- 
sidered as  respects  ditierent  periods  of  life,  the  rate  of  mor-  jij^,j,ii,_  ^ 
tality  varies  very  much.     Of  both  sexes,  22  per  cent  die  JiiTcrpnt  peri- 
before  they  arc  one  year  old,  and  37  per  cent-  before  tlicy  **'''■ 
are  five  years  old.     !&lalc  infant.s  arc,  however,  more  liable  to  die  imme- 
diately after  birth  than  female,  but  at  the  close  of  about  two  years  their 
mortality  \a  the  same.     Nine  twentieths  of  the  whole  number  bom  die 
before  they  are  lifleen  years  of  age,  that  is,  before  tliey  have  become  use- 
ful to  the  comnmnity. 

The  ntortulily  among  girls  increases  between  14  and  18,  and  among 
men  between  21  and  20.  In  Franco  and  Ifelgium,  from  26  Rpi.d^n,^,^ 
to  3(1  is  the  epoch  of  mfirriage,  and  at  this  jicriod  the  mortal-  laiiiy  ofiho 
ity  13  tho  same  in  Iwth  sexes.  It  then  increases  for  tlw  ***'^ 
women  during  the  years  of  childbearing,  and  afterward  again  becomes 
equal  for  both.  At  25  years  Iialf  t!ie  births  arc  dead.  The  mean  life 
may  be  estimated  at  'i'i  years.  The  maximum  cipcctimcy  of  life  is  at 
6  years,  at  which  age  the  risk  of  mortality  is  suddenly  reduced,  and  bo- 
comes  small  till  puberty,  when,  especially  among  girls,  it  becomes  great. 
From  60  to  65  the  cliancci}  of  lite  arc  again  at  a  minimum. 

To  the  fon^ing  statements,  in  which  contrasts  have  been  drawn  be- 
tween the  male  and  female,  the  following  may  bo  added:  Not  only  ia 
there  a  dijferexice  in  the  entire  stature,  but  the  ditTcrcnt  portions  of  the 
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rECLTIAETTIES   OF  THE   FEilAI-E. 

Comparivoaof  body  tinvc  not  tlic  same  relative  size.  TIic  capacitj^  of  ilie 
oJiherattScIuid  skiiU  ill  the  female  18  Icss ;  the  body  ia  longer;  theloflrcrei- 
totaaic  trcmities  shorter ;  the  pelvis  of  greater  si&e,  espociall;  in  \u 

transverse  diameter;  the  beads  of  the  thigh  bones,  therefore,  farther  ajiut, 
and  the  bones  themselves  including  a  larger  angle  than  in  the  case  cuTtfae 
male;  the  chest  and  the  abdomen  arc  rcB]Kctively  more  convex;  ihetnns- 
versc  diameter  at  the  shoulders  smaller,  and  the  upper  extremities,  lilic 
the  lower,  shorter;  tlie  hands  and  feet,  fingers  and  toes,  of  less  size.  Tltt 
surface  prescuts  a  more  elegantly  rounded  form,  without  anguloritifj; 
the  skin  thinner  and  more  translucent;  tlii  hair  of  the  head  is  lon^ 
and  finer,  but  other  portions  of  tlic  skin  less  covered  with  hair :  the  uiils 
smaller  and  thinner. 

The  strength  of  the  female  is  to  that  of  the  male  as  IG  to  26.  Hei 
FUBctioosl  at-  ™*^*^''*  contract  with  li*ss  energy,  and  arc  more  easily  wm- 
euiiAritics  of  ricd.  Tho  peculiarities  of  the  construction  of  tlie  bones  of 
*  ■•  her  pelvis  and  chest  respectively  give  rise  to  peculiarities  in 
the  movements  of  the  lower  and  upper  estrcmities ;  hence  the  chnnlcte^ 
islic  manner  of  walking  and  movement  of  the  arm  in  attempting  to  throw 
a  stone.  In  the  chapter  ou  tlie  voice  we  have  already  pointed  out  the 
female  ])ccultaritics  in  speaking  and  singing,  and  its  more  acute  qualitv. 

With  respect  to  her  moral  and  intellectual  peculiarities,  these  aie  maa- 
.,  old  iff^stcd  from  the  earliest  infancy  in  tlio  sports  and  games 
ititeUwtuai  (M»-  which  shc  iustuictively  follows.     Coming  to  maturity  more 

*"""■  rapidly  tluin  tlie  male,  she  abandons  these,  though  they  may 
still  be  enjoyed  by  boys  of  her  own  age,  whom,  for  the  course  of  a  year 
or  two,  she  regards  with  neglect  or  even  disrespect,  a  feeling  soon  after 
to  bo  followed  by  timidity.  Education  and  tho  position  in  which  she 
may  have  been  placed  may.  to  a  certain  extent,  control  or  disguise  her 
habits,  but  they  can  never  wholly  obliterate  the  striking  predominance 
of  her  moral  over  her  intellectual  qualities,  as  compared  with  man.  Eft- 
sentially  religious,  her  faith  is  applied  to  almost  all  the  ordinary  afitin 
of  life,  though  when  shc  finds  ttiat  she  lias  been  deceived  she  is  ever  dis- 
trustfiiL  From  the  earliest  times  it  lias  been  remarked  that  her  revenge, 
more  particularly  when  it  concerns  wounded  pride,  is  implacable.  Much 
more  than  the  male  slic  is  delighted  with  the  adornments  of  dress.  Her 
reasoning  [)Owcrs  are  leas  vigorous,  though  her  sensations  are  more  acute, 
yet  shc  bears  jiain  with  more  resignation  than  man.  Her  judgment  is 
not  so  evenly  balanced,  and  is  often  perverted  by  the  preponderance  of 
her  fbcHngs.  It  lias  been  asserted  that  these  moral  and  intellectual  pe- 
culiarities which  she  presents  when  compared  with  man  arc  distinct!/ 
traccabla  to  the  phrenological  predominance  of  the  moral  over  tho  intel- 
lect uid  regions  of  the  brain. 

The  physiologist  who  is  thus  obliged  to  speak  of  the  constitutional 
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and  mental  imperfections  of  the  female,  may  be  permitted  to  turn  witli 
delight  from  tlio  dry  detnlU  of  statistics  and  anatomy  to  the  family  and 
social  relations,  for  it  ia  therein  that  Jicr  beautiful  qualities  shine  forth. 
At  tlie  dose  of  a  long  life,  checkered  with  pleasures  and  misfortunen, 
how  often  dooa  the  ag<"d  man  with  emotion  confess  that,  though  all  tlic 
ephemeral  acfinaintances  and  attachments  of  his  career  have  ended  in  dis- 
appointment and  alienation,  the  wife  of  his  youth  is  still  his  friend.  In 
a  TVorld  from  wliich  every  thing  else  seems  to  be  ]>asaing  away,  her  affec- 
tion nlonc  is  unchanged ;  true  to  him  in  sickness  as  in  health,  in  misfor* 
tunc  OS  in  prosperity,  tmo  in  the  hour  of  death.  When  the  schemes  that 
occapicd  his  active  years  have  vanished,  or,  if  realized,  are  now  no  more 
to  liim  than  vanitie-s  which  lianlty  fasten  his  tlioughts ;  when,  in  tho 
feeble  extremity  of  age,  every  thing  is  a  burden  to  bim,  and  the  ])afl8- 
ing  excitements  of  olliers  can  not  even  nronse  his  attention,  the  echo  of 
ihosc  prayers  is  still  hrarj  which  Ids  unskillful  tongue  first  learned  at  his 
mother's  knee.  Tltc  stem,  the  avaricious,  the  hard-hearted,  the  intellect- 
ual, all  arc  equally  brought  to  confess  wlio  was  their  first  and  who  is  their 
last  true  friend. 

Tho  necessities  of  society  have  lex!  to  the  establishment  of  artificial 
rpoclis  in  tho  life  of  man.  In  most  ootmtries,  the  first  recog-  AnificUl 
nixed  movements  of  the  frrtus  arc  tiken  as  the  period  from  *:fo^^*»tlite. 
which  independent  life  l>cgina.  and  the  twenty-first  year  is  fixed  as  tho 
time  of  maturity.  These  tirbitrarj'  dates  answer  the  purpose  very  well, 
liut  ihcy  have  not  tliat  physiolo^cal  Hignificance  which  is  commonly  sujw 
poscd,  for  neither  of  them  coincides  with  any  great  cliange  in  the  roodo 
of  life.  Of  the  metamorphoses  throngli  which  we  pass,  the  final  one,  oc- 
curring at  pulxrty,  whicli  scjMvrates  tho  merely  veg«;tative  from  the  re- 
proiluctive  pejiod  of  life,  is,  under  the  circumstances  of  the  case,  with  the 
exception  of  the  assumption  of  aerial  respiration  at  birth,  the  only  obvious 
one.  The  change  wliicli  then  ensues  is  in  no  respect  less  marked  than 
the  passage  to  the  perfect  or  imago  state  by  insects.  Development  sud- 
denly takes  on  a  new  phase,  and  with  the  pliysical  change  correspond- 
ingly occur  changes  in  the  psychical  endowments — modtsty  and  woman- 
ly sentiments  in  the  one  sex,  courage,  the  perception  of  honor,  and  manly 
qualities  in  the  other,  the  capability  of  mutual  love  in  both.  Kvcn  among 
tmimals  under  tlie  same  cond  irions,  analogous  fesults  arc  presented,  though 
in  n  less  rcfineil  way. 

The  human  K|M:cies  is  uo  exception  to  the  obsen*ation  long  ago  made, 
that  tho  undue  extension  of  the  vegetative  pcrimi  of  life  into  KncnMu^nrni 
the  reproductive  is  at  the  exi»nse  of  the  latter.  In  the  same  jfv^pwS^ 
manner  that  a  tree  overladen  with  foliage  presents  ita  flow-  life- 
era  scantily,  so  a  love  for  the  pleasures  of  tlie  table  and  a  predominating 
epicurean  torn  ia  often  the  indication  of  incajiability. 
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Up  to  tlie  fourteenth  year,  tlic  human  being  lives  solclj  for  itself;  iu 
Gradual  instincts  are  fur  ,thc  gratification  of  its  present  wants,  aiul 
nenul  I'uilw  tliose  wants  am,  fur  llic  most  part,  connected  witli  its  vegeta- 
lie*.  tivc  development.    Aftcx^that  period  ita  life  is  for  the  funirc, 

and  is  in  relation  to  tlic  race.  Wiih  this  more  elevated  condition,  new 
emotions  and  passions  have  been  awakened;  ihere  is  a  gradual  untui<]ing 
of  the  mental  powers,  and  a  balancing  arising  from  increased  knowlei^ 
and  incxoased  experience ;  yet,  even  now,  die  mental  qualities  that  an 
moBt  inariccd  arc  only  the  extension  of  those  the  germ  of  which  raay  bo 
discovered  at  the  first  dawn  of  reason,  and  the  same  may  be  said  even 
of  our  Intellectual  impressions.  Tfie  ideas  we  have  gathered  as  mcmben 
of  a  family  are  reproduced  anj  expanded  in  our  religious  views,  and  tU 
govemracnt  of  God  Is  jircscnted  to  the  human  heart  less  acceptably  vbai 
lie  is  set  forth  as  the  Almighty  llakcr  of  llio  world  than  as  tlie  Universal 
Father  and  Giver  of  all  good. 

In  a  preceding  chapter  X  have  already  shown  how  tlio  existence  oUh 
Piralldorcor-  immaterial  spirit  of  man  maybe  in^xstigated  pliysiologicallj'. 

^ul"1-«l-  ^*  ^^y  "°'  ^  **"'  °^  P'**^  ^^^  *o  dispose  of  an  argument 
vgmetn.  that  some  have  insisted  on,  that,  since  the  development  d 

the  miud  proceeds  iu  an  equal  step  with  tlie  development  of  the  body, 
each  expanding  or  dechning  witli  the  other,  the  dissolution  of  (lie  animal 
fahric  is  the  token  of  the  death  of  the  souL  Against  tliis  doctrine  tlie 
whole  human  family,  in  all  agea,  has  borne  its  testimony,  and,  if  unive^ 
sal  impressions  arise  from  physical  constitution  far  more  tlmn  they  ilo 
from  tradition,  it  may  be  truly  said  that  tliat  doctrine  is  iiicotnpntibli} 
with  the  organization  of  man.  Probably  there  is  no  question  which  ha 
received  a  greater  amount  of  individual  and  general  attention — none 
whicli  has  more  di'cply  e.xercised  the  thought  of  the  prtifoundcst  intellect; 
and  what  is  the  actual  result  ?  Wlmtever  may  be  the  sonal  slate,  bar- 
barous or  polished,  whatc\*cr  the  manner  of  life,  whatever  the  climate, 
whatever  tlie  fornj  of  religion,  the  assertion  of  the  existence  of  the  8{Mrit 
after  death  is  so  univcisuL,  that  it  may  be  termed  one  of  the  organic  dog- 
mas  of  our  race.  InJeetl,  wc  may  affirm  tliat  the  mind  has  to  be  edu' 
catod,  trained,  or  strainc<l  before  it  becomes  capable  of  an  opposite  view. 
which,  even  then,  will  be  doubtingly  entertained. 

If  there  is  a  ])oint  in  niflural  philosophy  which  may  be  regarded  u 
,  .  .  finally  settled,  it  is  the  imperishability  of  the  chemical  clc- 
cxUiciiM  of  ments  and  the  everlasting  duration  of  force.  With  the  8y^ 
"  *°" '  tera  of  nature  existing  as  it  is,  we  cau  not  admit  that  an  atom 
of  any  kind  can  ever  be  destroyed ;  and  a  like  assertion  may  be  made 
of  force.  Heat  may  give  rise  to  motion,  motion  to  electricity,  ciectricily 
to  heat :  one  kind  offeree  may  be  converted  into  another,  there  being  a 
perfect  correlation  or  quality  of  substitution  among  Oicm.     The  quan- 
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tity  of  power  is  now  the  same  As  it  ever  was.  Its  varintions  are  analo- 
gous to  the  apparent  transmutations  of  ponderable  material.  They  are 
mere  metamorphoses. 

ilftttcr  and  force  arc  equally  incapable  of  destruction.  Koch  constita- 
CQt  atom  of  the  animal  mccfianism,  thougli  it  may  be  dismissed  for  the 
time  as  useless,  is  not  lost,  but  sooner  or  later  is  economized  in  some 
organic  form  again.  The  heat  which  seems  to  arise  from  tlie  most  in- 
signlticant  muscular  contraction  has  been,  so  to  speak,  many  a  time  in 
existence  before,  and  after  it  has  eswiped  from  the  system  is  not  lost  to 
the  world,  hut  discharges  one  function  ai'tcr  another  forever;  and  if  thus 
neither  matter  nor  force  can  die,  it  would  be  a  great  anomaly  if  the  prin- 
ciple of  conscious  identity  were  capable  of  annihilation.  Like  them,  it 
may  be  capable  of  moditication  or  change,  and,  like  them,  it  is  not  capa- 
ble of  loss  of  existence.  Tlie  creeds  of  various  nations  reeognizo  this 
great  truth;  tliey  ditlt-r  only  in  tJicir  ideas  of  what  that  future  stale  of 
modification  may  be. 

Perhaps  in  some  age  hereafter  physiology  will  find  herself  sufficiently 
fti.lvanced  to  oiler  licr  opinion  on  tliis  profound  topic,  for  X  can  not  think 
that  God  1ms  left  us  without  a  witness  in  this  matter,  even  in  the  struc- 
ture and  development  of  the  body  itself.  l*'rom  the  moment  that  we  see 
iJie  first  traces  of  the  nenous  mechanism  lying  in  the  primitive  groove, 
we  recognize  the  subordination  of  every  other  part  to  that  mechanism. 
For  it,  and  because  of  it,  arc  introduced  the  digestive,  the  circulatory, 
ihc  secretory,  the  respiratory  apparatus.  Tliey  ore  nterely  its  ministers. 
And,  fastening  our  attention  on  the  course  which  it  pursues,  wc  see  that 
it  is  at  onco  a  course  of  concentration  and  deveIo])ment.  The  special  ia 
nt  each  instant  coming  out  of  the  more  general,  and,  from  the  beginning 
to  the  end,  the  wliolc  aim  is  ot  psychical  development.  The  germinal 
membrane  is  cost  away  as  soon  as  a  stomach  can  be  prcjiared,  aquatic 
respiration  ceases  as  soon  as  aerial  can  be  maintained.  The  scaffolding 
that  was  of  use  at  one  moment  is  thrown  aside  as  soon  as  a  new  eleva- 
tion is  reached.  The  germ,  tlic  embryo,  the  infant,  are  only  successive 
points  in  a  progiess  wlfich  at  every  instant  displays  this  casting  away 
of  the  means  that  have  been  used  as  soon  as  they  arc  done  with.  That 
is  the  st^'Ie  in  which  the  work  is  carried  on.  The  principle  which  ob- 
scurely animated  the  germ  is  tlic  same  whicli  in  a  higher  way  animates 
tiic  cmbr)'0,  and  this  again  is  the  s.inic  wliich,  in  a  more  exalted  condi- 
tion, animates  the  infant  and  the  man.  Tlie  cloudy  speck  winch  ushers 
in  the  pliantosmngorin  of  life  expands  as  the  great  Artist  directs  until 
^  ei-ery  lineament  has  become  visible. 

I  That  active  agent  which  was  first  laid  in  a  fold  of  the  germinal  mcm- 
■  brane  was  not  annihilated  when  its  type  of  life  was  changed  to  placental 
I  and  therefore  at^ualic  res])Iration.     It  withstood  the  shock  when  again. 


I 
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aftcir  a  clue  season,  it  was  suddenly  niadi  to  brcatlic  the  air.  jVrriTalii 
the  mature  condition,  there  is  not  in  its  companion-body  a  single  paitidc 
that  was  present  at  birth.  .Ul  has  changed.  And,  what  is  still  matu 
important,  not  only  lias  there  been  this  interstitial  removal,  but,  in  ew> 
ccssion}  the  very  nature  of  every  one  of  its  organs  has  cliangcd.  It  is 
needless  now  to  repeat  how  many  different  systems  of  nutrition  it  ha 
depended  on — how  many  sorts  of  stomachs  in  succession  it  has  ba<I— 
liov  it  has  breathed  by  a  membrane,  by  gills,  and  by  lun^t — how  it  lui 
canied  on  its  circulation  without  a  heart,  with  a  heart  of  one  caWty.aail 
linally  with  one  of  four.  Through  all  these  losses  and  changes  tlie  t»- 
matcrial  principle  has  passed  unscathed,  and  even  gathering  strength. 
In  the  broadest  tnanuer  that  a  fact  can  be  set  forth,  we  Bce  herein  toe 
complete  subordination  of  structure  and  the  enduring  ciiaractcr  of  eprnt 
Whatever  may  be  the  mechanism  that  is  wanted,  it  is  tn  readiness  i«r  its 
time;  and  when' it  has  finished  its  duty,  is  neglected  and  disappears. 
There  is,  therefore,  a  sound  reason  in  the  conclusion  to  which  mankioi 
|M?rhaps  from  n  nxre  instinctive  impression,  have  come,  (hat  the  soul  will 
exist  after  death,  for,  after  surviving  so  many  mutations,  the  removal  of 
so  many  of  what  seemed  to  be  its  firm  and  essential  supports,  we  are  ju- 
titled  in  expecting  that  it  will  bear  without  ruin  the  entire  withdrawal  of 
the  wliole  scatFolding. 

As  I  have  pointed  out,  we  have  precisely  the  same  reason  for  believ- 
ing the  existence  of  the  immortal  spirit  that  we  have  for  knowing  tliat 
there  is  an  external  world.  The  two  tacts  arc  of  the  same  order.  Of 
the  future  continuance  of  that  external  world,  irrespective  of  oursehts, 
we  entertain  no  doubt ;  indeed,  in  certain  cases,  as  in  those  presented  hj 
astronomy,  wc  arc  able  to  tell  its  state  a  ihou.'tand  years  hence.  So  long 
as  our  attention  was  oontinod  to  statical  physiology,  every  thing  connect- 
ed with  the  subject  now  under  consideration  was  enveloped  in  darkness, 
but  it  will  lie  very  different  when  dynamical  physiology  begins  to  1* 
cidlivatcd  —  dynamical  physiology,  which  speaks  of  the  course  of  lift, 
of  organs,  individuals,  and  races.  The  law  of  development  will  guiile 
us  to  an  interpretation  of  many  things  which  are  now  shrouded  in  ob- 
scurity, and  leach  us,  from  a  consideration  of  what  wc  have  learned  of 
our  past,  and  wliat  we  know  of  our  present,  what  we  may  expect  of  oar 
future  state ;  and  then  it  will  appear  tlwt  the  universal  opinion  of  the 
ages  and  nations  is  not  a  vulgar  illusion,  but  a  solemn  philosophical  fact 

So,  tlierefore,  the  decline  of  tho  mental  faculties  with  advancing  yeais 
is  no  indication  of  the  hebetude  of  the  spirit,  or  premonitory  to  its  fioil 
dissolution.  It  is  otdy  the  gradual  wearing  out  of  the  instrument,  the 
intervention  of  which  has  established  relations  with  the  outer  world. 
"VVIicn  a  tool  becomes  blunted  and  old,  the  workman  can  no  longer  man- 
ifest his  former  skill;  but  tlie  skill  may  nevertheless  remain.     Tbou^ 
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tnc  appnratus  for  tlic  rcocption  of  cxlpmnl  impressions,  as  well  as  that 
for  voluntary  action,  may  be  failing,  it  implies  nolliing  as  regards  the 
prime  mover.  The  eye  may  be  dim,  the  ear  dull,  and  touch  imperfect, 
the  voice  may  Lc  feeble,  and  the  limbs  trcmbHiig,  but  all  tliis  indicates 
,  nothing  more  tlian  that  what  haa  been  i)assed  tlirough  so  often  bcibre 
ia  about  to  he  passed  through  again.  The  organs  that  have  done  their 
.duly  are  to  be  cast  away,  hut  tlie  i"esult  of  their  action  is  to  remain. 

It  may  not,  pcrliaps,  fall  witliiii  the  projKir  compass  of  a  treatise  on 
iphysiology  to  ajieak  of  tliat  future  condition,  and  yet  so  deeply  tiw  tatnn 
interesting  are  these  subjects  to  all  men  that  a  single  observa-  ""^ 
lion  may  in  this  place  be  excused.  The  whole  course  of  life,  from  it3 
very  beginning,  has  been  cue  of  development  and  concentration,  \Vc 
comprehend  this  the  more  perfectly  as  we  extend  our  ticws  beyond  our 
present  state,  and  examine  what  we  liave  in  succession  been,  and  in  what 
inanncr  our  existing  condition  was  reached.  It  is  not  credible  tliat  that 
jjysfem  is  to  be  all  at  once  abandoned,  or  replaced  by  a  contradictory  one. 
Such  is  not  the  style  in  whicli  tiio  aithirs  of  the  organic  worUI  are  at  any 
.time  carried  on.  The  slowly  emerging  consequences  of  the  primitive 
law  c<  me  forth  one  after  the  otlicr  in  their  proper  and  unvarying  sciiuencc, 
ftnd  the  law  holds  on  inexorably  forever.  And  since  we  may  say  that, 
liiroughout  tliose  prior  states,  the  idea  aimed  at  is  the  isolation  of  a  con- 
scious intelligence,  every  organ  being  sliapcd  and  every  function  bent  to 
itliat  end,  we  are  reasonably  led  to  the  expectation  that  in  a  future  slate 
ithat  archctj'^te  will  be  comjjletcly  reached. 
iJ*  a  blank  obIi\*ion  should  crown  sudi  a  work. 


It  would  be  strange  indeed 
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Itr.   OF  BLEEr. 

OsE  third  of  the  Hfe  of  man  is  spent  in  sleep,  a  condition  of  modified 


OfalMp. 


sensibility,  in  which  the  mind  performs  its  functions  In  an  im- 
^riect  way,  and  voluntary  motion  is  nearly  suspended.     This 

itate,  occupying  so  large  a  portion  of  the  short  period  of  time  allotted  to 
»,  is  therefore  well  deserving  of  the  consideration  of  the  physiologist, 


the  more  bo  since  it  present*,  in  the  varioag  phenomena  of  dreams, 

lificnnt  illustrationa  of  Uio  manner  of  action  of  tlic  ncrvooa  flyBtcn. 

All  animals  sleep.  31am%  poj-baps  most,  dream.  The  neoeeeity  fora 
soaBon  of  repose  arises  from  the  preponderance  of  tlie  waste  of  the  syt- 
Icm  over  its  repair  during  our  waking  hours.  By  bringing  ilic  anbiiil 
functions  into  a  condition  of  rest,  an  opportunity  is  nflforded  for  reiMY»> 
lion,  and  the  eqailibrium  con  be  maintained. 

In  early  infancy,  when  it  is  necessary  for  tiio  nutritive  operations  tolo 
CmumoT  iho  ^*"'**^  forward  vrith  the  utmost  vigor,  and  attended  withaa 
uMMdty  for    little  waste  as  possible^  tJic  ^vbole  tnmc  is  spent  in  sleeping 

P*  and  eating.     The  waking  period  is  gradually  increased  as  the 

child  advances,  but  not  so  as  to  make  it  continuous,  for  the  day  is  broken 
into  intervals  of  sleep.  Kvcn  at  three  or  four  years  of  age  vre  sleep  more 
Puntion  «n<l  tluin  onco  a  day.  In  mature  life  eight  hours  arc  on  an  arer* 
dtf^ofAlMp.  age  required,  but  the  [Jxecific  lime  varies  with  difiurcnt  indi- 
ridnols,  and  even  witli  the  same  iitdividual  in  different  constitutional 
states.  The  time  is  not,  however,  always  n  true  measure  of  the  amoaat 
of  rest,  for  sleep  varies  very  much  in  the  degree  of  its  complctonesa  or 
intensity;  tliere  is  a  slumber  so  disturbed  that  wo  are  unrcfrcshed  by  it, 
and  a  sleep  so  protbund  that  wc  awake  weary.  Old  age,  as  it  a(U*nnces. 
admonishes  us  to  spare  the  system  as  much  as  we  may,  for  repair  is  cod- 
ducted  with  dithculty ;  and  this  period,  characterized  by  its  resemblance 
in  80  many  respects  to  childhood,  like  it,  is  often  marked  by  frequently- 
recurring  and  prolonged  slumber.  Moreover,  various  accidciital  and 
other  circumstances  arc  liable  at  all  times  to  disturb  its  proper  periodic- 
ity— a  warm  oftcmoon,  a  hearty  dinner,  an  iU-vcntilatcd  a]>artmonl,  mo- 
notonous sounds,  tlie  attention  devoted  to  one  object,  botlily  quiescciKe, 
ceasing  to  think,  the  use  of  narcotics,  extreme  cold,  a  horizontal  posi- 
tion, &c 

Sleep  is  commorUy  ]>rccedcd  by  n  sense  of  drowsiness  of  moro  or  less 
ApproMii  of  intensity,  whicli  is  gradually  followed  by  a  loss  of  sensibUity. 
aiccp.  Objects  cease  to  make  an  impression  on  the  eyes,  the  lids  be- 

come hea\'y  and  close.  If  wc  arc  not  in  the  horizontal  position,  but  re- 
quire muscuUr  support,  as  in  sitting,  the  liead  droofis,  and  tho  hands  seek 
a  8Up|iort.  Succossivdy  the  sensi^s  of  smelling,  hearing,  and  touch  pass 
away,  as  the  sight  has  done ;  but,  before  this  progress  is  completed,  we 
start  at  any  sound  or  disturbance,  voluntary  muscular  action  being  in- 
stantly assumed,  though  in  the  midst  of  a  suriirise.  AVe  arc  nodding.  If 
wc  arc  in  the  horizontal  position,  as  in  Ijed,  the  body  is  thrown  into  a 
form  requiring  the  least  muscular  exertion — the  limbs  are  semiflexed. 
As  sight,  smell,  hearing,  touch,  again  in  succession  fail,  all  voluntary  mo- 
tions cense,  those  which  are  now  executed  being  of  a  purely  automatic 
kind.     The  eyes  are  turned  upward  and  inward,  the  iris  is  contracted, 
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,0  heart  and  the  lungs  act  more  slowly  but  more  powerfully ;  a  gentio 

I  delirium,  wliicli  exists  while  the  centres  oftlie  special  senses  ore  coming 
into  rcpoinc,  introduucs  tis  to  profound  and  uncuuscious  sleep. 
This  condition  of  profound  eleei),  though  it  may  be  quickly,  is  yet 
gradually  reached  by  j^iissing  tlirougli  certain  well-marked  Vntgnfsot 
stages.  Once  gained,  we  slcMip  with  heaviness  in  the  ejirly  >|^Kll^•^«p. 
part  of  the  night,  and  more  and  more  lightly  as  morning  approaches. 
It  would,  however,  be  erroneous  to  suppose  that  this  falling  into  insensi- 
bility and  awakening  arc  perfectly  continuous  events  ;  there  aie,  undoubt- 
Iedly,  Bubordinato  periods  of  moro  and  less  complete  repose,  but  under 
no  circumstances  are  we  ever  aware  that  wo  are  asleep. 
At  any  time  of  the  niglit  sleep  may  be  abruptly  broken,  the  mind  1*6- 
sumiug  its  power  after  passing  through  a  momentary  interval  Manner  of 
of  conftision.  Towiml  tlie  close  of  the  customary  time,  tlic  awakening. 
senses  resume  their  power  in  an  order  inverse  to  that  in  wiiich  they  lost 
it — the  touch,  the  hearing,  the  smell,  the  sight.  l*'or  a  short  period  after 
awakening,  the  organs  seem  to  he  iu  a  state  of  unusual  acutcness,  more 
jjorticularly  that  of  sight — an  eft'ect  arising  from  the  DbUtemtioa  of  the 
vestiges  of  old  impressions.  From  profound  sleep  we  j)as»  to  the  wak- 
ing state  throuj;h  an  intermediate  condition  of  slumber.  In  the  fomicr, 
the  movemenis  which  we  may  execute,  under  the  iniluence  of  external 
impressions,  are  wholly  of  an  automatic  kind,  such  as  turning  in  l)ed  ia 
various  positions.  The  length  of  time  spent  in  sleep  and  slumber  re- 
•pectively  is  by  no  means  constant,  many  causes  increasing  the  one  at 
the  expense  of  the  other.  On  awakening,  we  arc  apt  to  indulge  in  cer- 
tain muscular  movements — we  rub  our  eyes,  stretch,  and  yawn.  If  we 
are  suddenly  aroused,  our  motions  are  iccble  and  uncertain  on  attempt- 
ing to  walk  at  once :  but  if  we  spontaneously  awake  at  an  unusual  period, 
And  more  particularly  if  it  be  toward  the  morning,  we  commonly  remark 
a  clearness  of  intellect  or  mental  power.  Many  of  our  most  jadicious 
and  correct  conclusions  occur  to  us  under  tliese  circumfttances. 

Though  it  is  said  that  the  sleep  of  man  lasts  about  eight  hours,  there 
are  many  variations.    Authentic  cases  arc  on  record  in  which  Maximum  wd 
iudividiuils  liave,for  a  considerable  time  and  apparently  with-  miniiiiuin 
■out  injury,  slept  only  for  one  hour,  and  others  in  which  tbat   '^^  **' 

state  has  been  prolongetl  for  an  entire  week.  5Ian  shows  mucJi  greater 
differences  than  other  animals;  birds,  for  instance,  sleep  lightly,  and  cold- 
lliloodcd  animalft  gencndly  profoundly.  Since  the  object  of  alc^p  ia  to 
afford  an  opportunity  for  repairing  the  waste  of  the  system,  the  length 
of  the  nccdlul  time  depends  on  conditions  that  are  themselves  variable: 
he  extent  of  the  antecedent  waste,  and  tiic  rapidity  of  tiio  repair.  In 
Winter  we  sleep  longer  and  usually  deeper  than  in  summer,  fur  the  hour- 
ly waste  in  winter  is  greater,     liabit,  however,  controls  us  very  much. 
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It  has  Wen  supposed  hy  some  that  it  is  to  Kaliit  that  onr  tendency  to 
CMMofnigbu  sleep  at  night  ia  to  be  imputed.  It  is,  liowever,  more  projieilr 
•'"P-  to  ha  attributed  to  the  ordinary  circuiustances  of  our  lilo — ibe 

day  being  sj>ent  in  umscular  or  mental  exercise,  sinee  we  can  then  8M 
to  pcrfonn  our  diitic?,  and  tliis  tax  upon  the  Byslem  Ijeing  necessariiy 
followed  by  a  feeling  of  weariness.  Those  animals  ■which  seek  their  food 
in  the  dark  sleep  by  day.  It  is  not,  therefore^  to  any  external  phyaiol 
condition  tliat  we  sliould  impute  our  nocturnal  sleep,  but  to  the  interior 
condition  of  our  system,  though  it  is  quite  true  tliat  pliysical  agents, 
such  ns  cold,  and  others  that  have  been  mentioned,  will  provoke  a  setuft* 
tion  of  drowsiness. 

In  sleep  we  require  additional  warmth,  and  this  we  obtain  by  instioct- 
Iiu:r«u«d  ively  Using  more  clothing  for  tlic  purpose  of  economizing  the 
wiirimh  rr-  animal  heat.  The  amount  of  caloric  generated  in  the  s}'Stem 
tiuin-.  ID  ic|i.  jg  diminished  through  the  cessation  of  musculiu-  exercise, 
and  therefore  reduction  of  decay.  The  same  may  be  said,  to  a  certain 
extent,  of  the  waste  of  the  brain  tlirough  its  intellectual  acts,  and  of  the 
nervous  system  generally.  This  diminished  amount  of  interstitial  dcatli 
corresjjonda  with  a  diminished  respiration,  tho  hourly  amount  of  oxygen 
consumed  exhibiting  a  decline.  The  negro,  who  is  much  more  sensitive 
than  the  white  man  to  this  decline  of  temperature,  instinctively  cn\*ciops 
his  head  with  clothing,  so  that  tho  air  may  be  warmed  by  its  contact 
therewith  before  it  enters  the  respiratory  organs.  For  the  same  rea8on» 
he  sleeps  with  his  bead  toward  tlie  lire,  while  the  wltito  man  sleeps  witL 
his  away.  On  similar  principles  wo  may  account  for  the  control  wliidt 
food  has  over  sleep,  llic  one  seeming,  to  a  certain  degree,  to  replace  tlie 
other.  Tiic  French  proverb  says,  "  ilc  who  sleeps,  dines,*'  and  this  ia 
rniformity  of  truG ;  for  during  sleep  the  waste  of  tho  system  is  reduced  to 
('•([w'tiii'imi-  *  minimum,  and  the  necessity  for  food  correspondingly  di- 
fuimit^foffuod.  minishcd.  The  quality  of  the  food  likewise  exerts  an  infill* 
cncc  on  the  length  of  sleep,  for  that  which  is  of  a  nutritious  kind,  and 
easily  assimilated,  can  more  speedily  execute  whatever  repairs  the  sys- 
tem may  demand.  It  is  probably  owing  to  his  variable  diet  that,  eveu 
in  a  state  of  perfect  licalth,  man  is  so  variable  a  b1ccj>ci',  and  tliat  ani- 
mals, the  nature  of  whose  food  is  so  constant,  sleep  with  so  much  uni- 
formity. 

By  some  it  has  been  sup]>oscd  that  the  amount  of  sleep  required  by 
different  animals  is  dependent  upon  the  size  of  their  brain ;  but  if  we 
keep  in  view  that  the  object  of  sleep  is  the  re|}air  of  waste,  and  that  this 
is  accomplished  by  the  agency  of  tlie  diU'erent  mechanisms  involved  in 
organic  life,  we  can  easily  see  that  aueh  a  statement  can  not  be  true.  Ite 
fallacy  ajipears  from  common  obser\'ation,  apart  from  any  physiological 
considerations.     Tiie  brain  of  a  turtle  or  of  a  serpent  is  relatively  small. 
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anil  }'et  llioae  animals  sleep  long  and  profoundly ;  bat  if  we  reflect  on 
how  many  diilerent  conditions,  external  and  internal,  the  repair  of  wusle 
depends,  wc  shall  see  that  the  time  of  sleep  can  not  have  any  such  nrbi' 
trary  measuro  as  that  of  the  size  of  tiic  brain.  Among  external  causes 
>vhich  inllucnce  the  rate  of  repair  may  be  mentioned  the  digestibility  of 
the  food,  some  varieties  of  whicli,  by  reason  of  their  chemical  or  physi- 
cal qualities,  yield  more  slowly  tliau  otheni.  The  internal  causes  are  very 
numerous :  the  size  of  tlie  digestive  organs  in  relation  to  tiic  Condiiion,  ^^ 
body,  and  tlic  energy  wit!i  which  their  function  is  occom-  UwduMUuuof 
plished ;  the  condition  of  development  of  the  absorbent  ays-  '  "'^* 
tern,  and  the  rapidity  of  its  action ;  the  rate  of  the  circulation  of  the 
blood,  which  hurries  tlic  nutritive  supply  in  its  course;  the  amount  of 
oxygen  introduced  Into  the  system  by  the  respiratory  apparatus,  which 
discharges,  as  we  have  clsewJiere  explained,  the  double  fifnction  of  re- 
moving the  wasted  products  of  decay,  and  of  grouping  into  appropriate 
forms,  so  as  to  be  available  for  their  uses,  the  elements  of  nutrition  tliut 
are  being  introduccil.  All  the-se,  and  oilier  conditions  ilmt  might  be 
namedt  determine  the  rate  at  wiiich  repair  can  be  executed,  and  tlicrctbrc 
tbo  necessary  duration  of  sleep.  If,  out  of  these  Tarious  elements,  we 
were  to  select  one  which  would  represent  it,  the  activity  of  the  respira- 
tory organs  would  atTord  a  more  accurate  measure  than  the  size  of  the 
brain. 

As  tlie  necessary  rejxiirs  are  accomplished,  we  pass  through  a  condi- 
tion of  slumber,  and  our  organs  gradually  awake  in  the  manner  that  has 
been  described.  It  is  during  this  intermediate  passage,  that  is,  toward 
the  morning  cLieHy,  as  the  brain  is  resuming  its  functions,  ordntrnw. 
that  dreams  occur.  They  may,  however,  liappen  at  any  other  **"=''  oHgiB. 
period  of  the  night,  though  then  they  ore  liable  to  present  greater  in- 
congruities and  more  obvious  violations  of  the  proper  order  of  events. 
It  is  quite  correct  that  morning  dreams  arc  more  likely  to  be  prophetic, 
for  they  are  more  likely  to  be  in  themselves  true. 

I>ream8  never  strike  us  with  surprise*  no  matter  what  may  be  the  ex- 
traordinary scenery  they  present — no  matter  how  great  tlic  violations  of 
truth  and  reality.  The  dead  may  appear  with  the  most  astonishing  clcor- 
neas ;  their  voices,  perhaps  long  forgotten,  may  be  heard ;  we  may  be 
transported  to  places  where  Ave  have  spent  jiast  yeara  of  our  lives  ;  com- 
binations of  the  most  groteK(|ue  and  i]n|H>s.sible  kinds  may  Ijc  spread  Ijc- 
ibre  us :  wc  accept  all  as  reality,  perhaps  not  even  suspecting  that  we 
dream.  The  germs  from  which  have  originated  all  these  strange  com- 
binations are  impressions  stored  up  in  the  re^stering  ganglia  of  tlie  brain, 
more  particularly  in  its  optic  tJialami.  These,  as  outward  impressions 
Jiave  for  the  time  ceased,  ore  enabled  to  attract  ihe  attention  of  the  mind, 
and  eme^  from  their  latent  state.     That  all  dreams  originate  iu  such 
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impressions  U  illustrated  by  tlic  history  of  the  blind,  who  still  dream 
of  tilings  tliat  they  formerly  saw.  Thus  it  is  stated  tiiat  Hubcr,  after 
he  had  been  blind  for  iifty  years,  still  dreamed  of  tiuiigs  h«  had  seen 
when  a  boy.  I5ut  little  explanation  can  be  given  of  the  manner  in  wliidi 
these  veatigca  may  be  grouped — a  grouping  which  ia  so  frequently  in  tv 
olation  of  all  correctness  that  a  dream  which  presents  us  with  a  It^cal 
sequence  of  events,  and  which  we  recognize  on  awakening  to  be  natn- 
roUy  true,  is  sure  to  be  an  impressive  one ;  and  yet  wc  can  not  doubt 
tliat  the  causes  which  suggest  dreams  ore  often  purely  physical,  as  when, 
in  dropsy  of  the  cliost,  the  dreamer  fancies  he  is  drowniing,  or  evx'n  suf- 
fers under  the  same  delusion  when  his  hand  is  dipjwd  in  water;  or  when 
a  candle  is  carried  into  the  room,  and  he  awakens  stricken  with  terror 
timt  the  house  is  on  fire ;  or,  on  the  oceurrenco  of  noise,  he  believes  ttut 
he  is  in  a  thunder-storm,  or,  perhaps,  on  a  field  of  battle.  Hence  arises 
an  automatism  whicli  becomes  most  striking  when  the  dreamer  answers 
questions  put  in  a  whisper  to  him,  an  incident  of  which  cases  are  reoord* 
cd  in  which  individuals  have  revealed  important  events  of  their  lives, 
wliich,  when  waking,  tiiey  would  never  have  divulged. 

Automatic  actions  aro  usually  considered  as  occurring  without  sensa* 
tioD,  but  this,  in  some  instances,  as  in  those  now  before  us,  can  not  be 
TCgardcd  as  altogether  true. 

{Suggested  thus  by  external  circumstances,  or  arising  spontaneouslj 
necet>[iv«  tp-  without  any  obvious  cause,  dreams  pass  before  us  with  an 
pcsrNDrcor  air  of  trutlifuhicss  so  imposing  that  wc  never  suspect  tbeii 
fallacies.  It  may  be  truly  said  that  they  have  a  h^  ot 
their  own.  Indeed,  so  complete  is  the  illusion,  that  instances  aiu  not 
wanting,  and  many  have  been  recorded,  in  which,  at  tlie  moment  of 
awakening,  the  sleeper  has  been  struck  with  the  correctness  of  the  con- 
clusions at  which  he  had  arrived,  and  it  was  not  until  he  had  recovered 
from  the  delirious  confusion  of  the  moment,  and  reason  had  resumed  her 
sway,  that  he  perceived  how  incorrect  tliey  were.  Thus  great  mathe- 
maticians have  thought  tliey  had  solved  difficult  problems,  poets  that 
they  had  composed  stanitas  of  force  and  beauty;  but  tlicsc,  on  a  mo- 
ment's reflection,  they  have  discovered  to  bo  an  inconsequent  flow  of 
ideas,  and  mere  nonsense.  A  few  exceptions  undoubtedly  have  occur- 
red, as  ill  the  ca.se  of  3Ir.  Coleridge,  who  aRirras  that,  under  these  cir* 
cumstanccs,  he  composed  Kublai  Khan,  and  remembered  it  in  part  on 
awaking.  The  Frcncli  mathematician,  Condorcct,  makes  the  same  state- 
ment with  respect  to  several  of  liis  writings. 

One  of  the  most  extraordinary  phenomena  presented  in  the  dreaming 
InaUntatiPDus  State  is  the  instantaneous  manner  in  which  a  long  scries  ot 
ITnng tMOaof  *^vP"*8  "I'ly  ***^  offered  to  tlio  mind,  the  exciting  cause  being 
truly  of  only  a  momentary  duration.     iSoroo  sudden  uoitt 
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Aronaes  us,  and,  in  tlie  act  of  waking,  a  long  drania  conncciwl  irltli  timt 
noise  appoars  Tiefore  ns  ;  or,  in  like  rnaiincr,  wo  nre  cHsturljcd  pcrliaps  by 
a  Basil  ol'  liglitning,  and  with  that  Hash  occurs  a  dream  whicli  seems  to 
Us  to  occupy  a  space  of  hours  or  even  days,  so  many  ore  the  incidents 
villi  whicli  it  is  filled.  It  lias  long  K'on  known  tliat  a  like  peculiarity 
has  offered  itself  to  those  who  liavc  suffered  by  drowning,  and  have  been 
finbscfiuently  restored.  They  have  related  that  in  their  moment  of  su- 
preme agony,  tlic  whole  scries  of  events  of  their  past  life  has,  as  it  were, 
Sowed  in  an  instant  upon  them  with  the  most  appalling  riridncss,  their 
good  and  evil  works,  and  even  the  most  trifling  incidents  presenting 
themaclves  with  distinctness — a  tide  of  memory.  And  doubtless  it  13 
owing  to  like  causes  that,  under  the  influence  of  opium  or  other  narcotio 
drag?,  the  relations  of  space  and  time  arc  bo  totally  destroyed  that  we 
seem  to  live  through  a  century  in  a  single  night,  or  to  take  in  our  view 
•cencr)',  the  distances  and  magnitudes  of  which  are  utterly  beyond  tius 
teach  of  mortal  vision.  It  has  been  truly  said  that  the  province  of 
dreams  is  one  of  intense  exaggeration.  It  is  so  in  a  double  sense,  for 
with  equal  facility  we  spread  out  a  single  and  perhaps  in-  ^,  ^j.rradin' 
ftiguiticant  circumstance,  so  tliat  it  occupies  the  entire  night,  cftMipUcaovBr 
or  we  crowd  a  tliousand  strange,  though  perhaps  connected,  "  ^"^  *'"*** 
npresontations  into  the  twinkling  of  an  eye.  Nor  is  it  by  any  means 
ifiie  least  extraordinary  part  of  these  wonderful  facts  that  tlie  mind  occu- 
pies itself  in  an  undiverted  and  unbroken  manner  for  so  long  a  time, 
with  an  insignificant  idea  in  the  one  ease,  and  perceives,  with  niii'acolous 
perspicuity,  the  rapitUy  diBappejiring  occurrences  in  the  other;  that  of  a 
majority  of  dreams  it  retains  no  precise  recollection,  though  they  may 
iuive  been  presented  with  an  intense  energy,  as  we  arc  assured  from  the 
impression  of  dread  or  mclanclioly,  or  even  the  physical  results  they 
have  left,  as  when  we  awake  and  feel  the  lieart  tlirobbing  Kt,rK«foinM» 
violently  and  the  whole  frame  trembling  with  terror,  yet  can  >>f  •inianw. 
not,  with  the  utmost  exertion  of  memory,  recollect  what  it  wa.s  tiiat  wo 
•aw.  The  remembrance  of  dreams  by  no  means,  therefore,  depends  on 
the  intensity  of  the  impression  that  they  made  for  the  time;  doubtless 
the  majority  of  them  are  forgotten  and  can  never  be  recalled.  In  some 
tzistances,  wliich  almost  cvcrj-  one  can  recall,  wc  dream  a  second  time  the 
Mtme  drcAni  which  wc  failed  to  remember  when  awake,  and,  it  is  said, 
eren  occasionally  dream  that  we  are  dreaming. 

Our  mental  capability  for  recalling  the  scenes  that  have  occupied  ns 
in  our  sleep  is  therefore  dependent  upon  something  more  than  the  depth 
of  the  impression  they  have  made.  Whether  it  be,  as  some  suppose, 
through  an  inertness  of  the  mind,  an  incapability  or  indisposition  of  pay- 
ing attention  to  the  things  thus  presented  to  it,  or  whether  it  be  that, 
through  accidental  causes,  the  vestiges  of  impressions  renuiining  in  the 
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optic  llialami  arc  brought  out  .sometimes  with  more  find  ftomctimw  with 
leas  force,  there  is  every  grade  of  intensity  presented,  from  those  tioatbg 
indistinct  nerisl  scenes,  which  seem  scarcely  to  leave  the  slightest  tisn 
behind  them,  to  those  which,  in  spite  of  their  outraging  all  reahty.  lOil 
even  all  prolvibility,  leave  us  in  a  horror-stricken  state ;  such  as,  for  ex- 
ample, tlic  celebrated  dream  of  the  Emperor  Caligula,  in  which  he  thooglit 
that  tlie  sea  spoke  to  him.  Yet  there  can  be  no  doubt  that  in  all  tliese 
cases,  no  matter  how  indistinct  or  energetic,  how  false  or  how  tnie,  how 
-       .  iLarmonious  as  a  whole,  or  how  contradictory  and  grotcsqae, 

drr  which  the  clcments  of  which  all  dreams  arc  composed  are  impru- 
tlreiiiiia  itn«.  gj^pg  ^f  things  that  we  have  seen  or  heard,  or  which  haw 
been  otherwise  subraitlcd  to  the  senses,  the  traces  of  which  still  rcniatfi 
imprinted  in  tlic  registering  ganglia  of  the  brain.  During  the  day,  while 
we  are  exposed  to  light,  and  sounds,  and  other  sources  of  disturlmnce,  the 
impressions  arising  tlicrefrom  totally  overpower,  by  reason  of  their  neir- 
ness  and  intensity,  these  ancient  residues,  so  that  the  attention  of  the 
mind,  in  a  state  of  health,  is  never  directed  to  them  ;  bnt  when  wc  clow 
our  eyes  in  the  silence  of  night,  all  such  external  impressions  are  at  in 
end,  the  organs  of  sense,  sight,  hearing,  smell,  and  touch,  are  succesaivE- 
ly  benumbed,  and  there  is  nothing  to  ]>revcnt  the  mind  thus  separated 
from  outer  things  from  occupying  itself  with  these  old  imprcs^iions,  any 
one  or  morn  of  which,  through  accidental  circumstances,  presents  itself 
in  vigor,  and  a  dream  is  the  result. 

The  phenomena  of  dreams  therefore  illustrate,  in  a  significant  manner, 
the  remarks  tliat  we  have  made  respecting  the  functions  of  the  cephalic 
ganglia  of  insects  as  magazines  for  the  regislrj*  of  impressions  received 
by  tho  organs  of  sense-  No  explauntion  of  dreaming  can  be  possibly 
given  without  admitting  for  a  part  of  tlio  human  brain  a  like  duty.  The 
important  advantages  which  accrue  to  our  physiological  explanations  of 
tlic  action  of  the  liuman  mind  from  the  admission  of  this  doctrine  haw 
already  been  dwelt  upon. 

Connected  with  dreams,  and  being,  indeed,  a  dream  carried  Into  action, 
Seamamba-  '*  somnambuHsm,  or  sleep-walking,  of  which  there  are  Bcveitl 
**■"•  grades,  from  mere  sleep-conversation  and  sleep-erying  to  the 

actual  performance  of  diflScult  and  even  hazardous  feats.  The  3*oung  in- 
fant evinces  its  discomforts  by  crying  in  its  slumber,  yet  it  can  be  com- 
forted without  awaking  by  the  well-known  voice  of  its  mother.  Cliil- 
dren  often  show  a  propensity  to  talking  iu  their  sleep,  and  can  sometimes 
be  brought  to  give  a  few  rational  replies  to  inquiries  put  to  them.  At 
tiicir  time  of  life,  the  disposition  is  more  frequently  manifested  to  get  ont 
of  bed  and  move  about  the  house,  or  even  out  into  the  open  air  under  the 
intluencc  of  a  dream.  WHien  sleep-walking  occurs  in  the  adult,  it  is  Ha- 
bJe  to  he  accompanied  by  actions  of  an  apparently  connected  kind,  though 
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eir  object  may  be  quite  trivial,  nnd  in  its  attainment  considerable  risks 
[nay  be  run.  In  these  cases  it  seems  as  if  the  mind  was  absolutely  wrap- 
cd  up  in  one  idea,  ond  wholly  unable  to  comprehend  nny  tiling  else.  It' 
Ke  eyes  of  the  Bomnnmbulist  are  wide  open,  he  sees  nothing,  and  even 
tlioagli  a  bright  light  be  presented  before  him,  the  iris  will  not  contract, 
|rct  he  moves  about  in  a  manner  as  if  ho  were,  in  one  resj)ect,  guided  by 
tndcrstanding,  the  air  of  his  movements  being  as  if  he  knew  what  he 
fruA  about,  yet  in  another  res()ect  as  though  he  was  impelled  by  the 
most  unaccountable  folly,  walking  along  tlie  roof  of  the  house,  se.iting 
himself  on  the  cliimney,  and  finding  his  way  in  safety  over  precipitous 
places,  past  which  it  would  be  inipOBsible  he  should  go  if  awake,  no  raat- 
ler  how  stea<ly  his  head  might  be.  B*tsides  this  complete  condition  of 
Kimuambulism  there  are  intcmiediatc  forms,  during  which  the  various 
lenses  of  seeing,  hearing,  etc,  are  in  partial  activity.  There  ore  also 
liffisrcnccs  in  the  intensity  or  depth  of  the  state,  as  is  shown  by  the  case 
difficulty  with  which  the  individual  is  aroused;  sometimes  to  speak 
him  is  enough,  sometimes  lie  must  be  violently  shaken  or  otherwise 
DUghly  treated.  It  has  been  ob8er>'cd  in  some  cases  that  where  the  par 
cnt  spontaneously  wakens  under  circumstances  that  affrigiit  hini,  he  is 
kt  once  broken  of  the  habit. 

'  With  dreams  and  sonniambulism  is  also  to  be  classed  that  sensation 
brhich  often  surprises  and  disturbs  us  wlicn  we  are  just  passing  SonMtton 
nto  sleep,  a  sensation  as  though  we  were  suddenly  falling  down  of '■*"»*- 
Itairs.  This,  with  some  persons,  is  of  almost  nightly  occnrTcnce.  Tts 
^posite^  an  inability  to  move,  as  though  we  were  oppressed  by  some 
;reat  weight,  or  8i>ell-bound  in  some  incomprehensible  way,  is  nightmare. 
In  this  distressing  affectinn  there  is  a  sense  of  opprciJsion  at  Ni^jhtaiarei 
be  epigastrium,  and  a  diflic-ully,  or  rather  inijKtssibitity,  of  '*"  ««»««• 
Doving  or  speaking.  A  frightful  dream,  in  which  some  alarming  object 
dcpictctl  with  intolerable  distinctness,  accompanies  these  symptoms, 
he  attack  terminating  by  a  struggle  to  shake  off  the  object  of  dread,  or 
•  escajic  by  Hight,  or  to  speak.  On  awaking,  the  sufferer  finds  himself 
embling  with  terror,  the  R'spirntion  hurried,  and  the  heart  throbbing 
riolcjitly.  The  intellectual  faculties  are  on  different  occasions  in  van- 
states  of  activity,  and  sometimes  the  dream,  and  our  actions  cons»- 
|uent  upon  it,  offer  no  violation  of  reason.  Indeed,  some  individuals  arc 
Sectcd  by  this  trouble  during  tlic  daytime,  when  tlicy  are  wide  awako 
i  perfectly  aware  of  w^hal  is  going  on  ;  but,  whether  it  occurs  by  night 
by  day,  the  sentiment  with  wliicli  it  oppresses  is  tliat  of  un.«pcakable 
ad.  Even  at  night  we  sometimes  are  conscious  of  its  npproacJi,  when 
arc  in  the  intermediate  state  between  sleeping  and  waking. 
The  cause  of  nightmare,  in  all  its  variety  of  forms,  is  disturbance  of 
respiratory  function,  which,  by  interfering  with  the  arterialization  of 
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the  bloixl,  aflfccts  the  brain.     Tliin  disturbunce  may  be  brought  on  in 
man}-  ways,  as  by  the  pressure  of  the  stomach  after  a  hearty  supper,  or 
in  diseased  conditions,  sucli  as  hydrothorax ;  but  it  is  popularly  suppoaui, 
where  these  morbid  conditions  arc  not  obviously  concerned,  to  be  attrib- 
uted to  sleeping  on  tlie  back.     Though  this  is  undoubtedly  true  in  « 
great  many  instances,  it  i^  very  far  from  being  an  essential  condition,  for 
nightmare  may  occur  in  any  position  that  the  slccjKr  may  possiblv  as- 
sume.    The  restraint  upon  the  artcrialization  of  tlic  blood,  which  appean 
to  bo  its  essential  condition,  interferes  with  the  circulation  through  the 
lunga  on  the  principles  that  Imvo  been  described  in  a  preceding  chapter, 
nor  can  llm  Iieart  force  a  passage,  however  violently  it  may  tlirob.     The 
cftcct  depends  not  so  much  upon  the  apparent  rate  and  power  with  whid 
the  respiration  ia  going  on,  for  any  embarrassment  or  difficulty  in  the  in- 
troduction of  air  merely  Icada  to  snoring,  whicli  is  in  no  manner  connected 
with  nightmare.     The  cause  of  tliis  latter  affection  is  to  be  sought  for  in 
the  air-cells,  which  arc  unable  to  lid  themselves,  with  tiicir  accustomed 
facility,  of  tlio  carbonic  acid  and  other  effete  products  of  respiration  wliidi 
they  contain. 

2d.   op  nCATH. 

At  all  periods  of  life,  the  functional  activity  of  the  system  occasions  » 
Condition  of   ^^'^  ^^  '*s  tissucs  by  the  interstitial  death  of  their  parts,  and 
hcAiihy  cqui-  therefore  involves  a  necessity  of  repair.     So  long  as  tlie  repa- 
""'*  ration  balances  the  waste,  a  healtliy  equilibrium  is  maintained; 

but  when  the  nutritive  powers  decline,  as  old  age  appi-oaclics,  a  gradual 
deterioration  of  tJic  system  ensues. 

The  [period  of  greatest  activity  is  also  that  of  greatest  waste,  and  d 
tliC  most  active  and  perfect  repair,  interstitial  death  and  the  removal  of 
decayed  materinl  then  occurring  in  the  most  rapid  manner.  The  energy 
of  life  is  thus  dq>cndcnt  on  the  amount  and  completeness  of  death. 

At  a  later  period,  wilh  advancing  years,  although  the  loss  of  Bubslance 
tlirough  functional  activity  may  be  lessened,  the  renewal  and  restoration 
of  the  portions  which  are  necessarily  consvimcd  ai-c  far  more  tlian  confr 
Fpondingiy  diminished.  AVc  thus  become  incapacitated  corporeally  and 
mentally,  and,  if  no  accident  inten'cnes,  we  die  tlurough  mere  old  age. 

On  several  occasions  we  have  already  noticed  the  analogy  betwocn^^H 
Death  of  a        li^  of  individuals  and  that  of  species.    An  analogy  also  noP^ 
r^M^^r^*"  be  traced  in  the  circumstances  and  causes  of  their  death,  for 
puiii(.in,«fi      the  discoveries  of  geology  abuadaully  show  tliat  thousands 
Bpcon.-*.  Qf  species  in  the  organic  series  have  become  extinct.      The 

deatli  of  a  constituent  molecule  in  an  animal  body,  the  death  of  the  in- 
dividual nniinal  itself,  the  death  of  the  species  to  which  it  belongs,  lire 
all  philosophical  facts  of  ihu  same  kiiid,  though  presenting,  perhaps,  in 
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cir  aspect  a  diffcrenco  of  interest  and  Importance     The  death  of  indi- 
,  n3  has  bncn  said,  may  occur  in  two  ways,  by  ncci-  pdji  from  m. 
t  or  by  old  age-     But  death  from  old  age  is  very  unusaal,  d^ieut  wid  by 

»r  even  in  the  cases  of  those  who  arc  very  far  advanced  in  *    "^^ 
,  its  close  is  ordinarily  brought  about  by  some  lesion  or  derangement 

t*  the  vital  organs,  thus,  in  rcalitA',  constituting  accidental  death. 

Most  men  desiic  that  their  final  scene  may  be  attended  witli  as  little 
derangement  as  possible  of  their  ordinary  mental  powers,  and  p  .  -_. 
timt  it  may  bo  very  brief  If  this  constihite  the  euthanasia, 
■or  happy  death,  it  certainly  can  not  be  thought  that  cxtrcmo  old  ago  is 
desirable,  const Itiiting,  as  it  does,  a  long-continued  and  dreary  disease. 
The  senses  fail  ua  in  the  same  manner  and  iu  iho  same  order  that  ihcy 
do  when  we  are  falling  asleejy,  thi:ir  gradual  deterioration  bringing  us  back 
[to  the  helplessness  and  imbceilily  of  infancy.  In  the  long  inten-nl  dur- 
ing which  this  is  going  on,  the  aged  man  is  not  only  a  burden  to  himsellj 
but  a  sad  sjicetaclo  to  every  one  around  him ;  his  perceptions  arc  being 

■adually  blunted  :  and  though  he  is,  as  it  were,  by  degrees  passing  into 

final  slumber,  it  is  in  thatdisturbed  way  which  allhavocxporieneodwhen 
they  fall  asleep  after  severe  fatigue. 

The  differnnt  portions  of  the  body  die  iu  succession:  the  system  of 
Animal  life  before  that  of  orcanio,  and  of  the  former  the  sens- 
Dry  functions  foil  first,  voluntary  motion  next,  while  the  pow- 
«r  of  muscular  contraction  under  external  stimulus  still  feebly  continues. 
The  blood,  in  gradual  death,  first  ceases  to  reach  the  extremities,  its  pulsa- 
tions becoming  less  and  less  energetic,  so  that,  failing  to  gain  the  periph- 
ery, it  passes  but  a  littlo  way  from  the  heart;  the  feet  and  liands  become 
cold  as  the  circulating  fluid  leaves  them,  the  decline  of  temperature  gradu- 
ally invading  the  interior.  JCo  one  lias  ever  yet  oflcrc<l  a  more  accurate 
picture  of  tlie  appearance  of  the  dying  than  that  presented  by  Hippocrates: 
**If  tlie  ])atient  lies  on  his  back,  his  arms  stretched  out,  and  his  leg:s 

langing  down,  it  is  a  sign  of  great  weakness;  when  he  slides  down  in 

le  bed  it  denotes  death.  If,  iu  a  burning  fever,  ho  is  continually  feel- 
ing about  wiih  las  hands  and  fingers,  and  moves  them  up  before  bis  face 
and  eyes  aa  if  he  were  going  to  take  away  sonifthing  before  them,  or  on 
lis  bed-covering  as  if  he  was  picking  or  searching  for  littlo  straws,  or 
taking  away  some  speck,  or  drawing  out  little  flocks  of  wool,  all  this  is 
s  sign  that  he  is  delinous,  and  that  he  will  die.     When  his  lips  hang 

ilaxed  and  cold,  when  he  can  not  bear  the  light,  wlicn  he  sheds  teai-s 
in voinn tartly,  wlien,  dozing,  sonic  part  of  the  white  of  the  eye  is  seen,  un- 
less he  usually  sleeps  in  that  manner,  these  signs  prognosticate  danger. 
When  his  eyes  are  sparkling,  fierce,  and  fixed,  he  is  delirious,  rtie  Ilipp»- 
or  soon  will  be  so ;  when  tliey  are  deadened,  as  it  were,  with  ""''"^  '•*** 
$L  mist  spread  over  them,  or  their  brightness  lost,  it  presages  death  or 


great  vrcokness.  Wlicn  the  patient  has  liis  nose  sharp,  bis  eyes  sunk, 
his  temples  hollow,  his  ears  cold  and  contracted,  the  skin  of  his  foreheud 
tense  and  dry,  and  the  color  of  his  face  tending  to  a  pale  green  or  leadun 
tint^  one  may  give  out  for  certain  that  death  is  very  near,  unless  the 
otrcngtli  of  the  patient  has  been  cxJiaustcd  all  at  once  by  long  watcbiogs, 
cr  by  a  looseness,  or  being  a  long  time  witliout  eating." 

Even  after  death  some  of  the  organic  functions  continue  for  a  time, 
r<ri>t-inoriem  uiorc  particularly  secretion  and  the  development  of  heat.  In 
tSiTaad'w.  *  fornicr  clmptcr,  page  444,  the  capability  of  extraordinan* 
feioM.  muscular  motions  iias  been  referred  to.     From  other  io1e^ 

osting  observations  on  those  who  have  been  inslautaneously  decapitaled 
by  the  guillotine,  it  has  been  asserted  that  the  body  can  display  what 
has  been  termed  post-mortem  passion  and  resentment.  It  may,  however, 
be  dovibtcd  whether  this  is  really  true.  Pcrhapa  tlieac  effects  are  only 
aiialogous  to  those  couvulsive  luauifestations  wliidi  may  bo  easily  prih 
duced,  in  an  intensely  interesting  way,  by  the  application  of  voltaic  bat- 
teries to  those  w)io  Jiavc  been  dead  for  some  time. 

Physiologists  often  quote  the  sentiment  of  Montaigne,  **  With  hov 
iDMMiMUtv  ^^^*^  anxiety  do  wc  lose  the  consciousness  of  light  and  of 
iitfor*  ih«  tiuttl  onrsclvcs."  By  this  thoy  would  convey  the  idea  that  the 
****"''"  act  of  dying  is  as  painless  as  the  act  of  falling  asleep,  and 

also  as  little  perceived.  They  recall  the  fact  which  seems  to  suppCFrt 
tlus  view,  that  those  who  have  been  recovered  after  apparent  death  from 
drowning,  and  after  sensation  has  been  totally  lost,  report  that  they  have 
experienced  no  pain  ;  and,  indeed,  when  wc  reflect  that  the  sensory  pow- 
ers arc  the  Arst  to  decline,  the  eye  and  the  ear,  at  an  early  period  in  ttic 
article  of  death,  fiuling  to  discharge  their  duty,  and  the  general  sense  of 
touch  becoming  rapidly  more  and  more  obtuse,  we  can  scarcely  put  aay 
other  interpretation  upon  the  iinal  struggles  which  constitute  what  is  so 
significantly  called  tlic  agony,  than  that  they  arc  purely  automatic  aoJ 
therefore  unfclt.  Doubtless  the  mind,  in  this  solemn  moment,  is  Bome- 
times  occupied  with  an  instantaneous  review  of  impressions  long  before 
made  upon  the  braui,  and  which  oficr  themselves  with  clearness  and 
energ}''  now  that  prcstmt  circumstances  arc  failing  to  excite  its  atteiifioo, 
through  loss  of  sensorial  jwwor  of  the  peripheral  organs,  this  state  i^ 
thuigs  hanng  also  been  testiticd  to  by  tliosc  who  have  been  recovered 
from  drowning. 

Life  closes  at  last  in  various  ways.  Some  pass  away  as  tliough  ihey 
were  really  falling  asleep ;  others  with  a  deep  sigh  or  groan  j  others  with 
a  gasp }  and  some  with  a  convulsive  struggle. 
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CHiVPTER  vrr. 

ON  THE  UTFLUENTE  OF  I'HYSrCAI.  AGENTS  ON  THE  ASPECT  AND  FOBM 
OP  AtAN  AXD  ON  IIlS  nn'ELLECTUAL  QUALITIES. 

Difftrracta  in  Form,  IlalAla^  and  Color  ttf  Mat, — Ideal  Type  cf  Man. — JUAtcent  cmd  Drumt, 

• — Ctinses  of  thtat  Variatiant. 
Doetrme  of  tAt  Uwty  of  the  UvmoH  Hace, — Dortrine  <if  Us  Ori'jiitfrom  many  Cmfrts. 
/j|/fiKiK»  of  llmt  oa  Cotnjtltiion. —  CtnM  of  Oimale  Variations. — Injiuemt  c^'  Iltiit  iUiatraled 

by  l^e  riuta  of  the  /wJa-ICuro/KaHt,  tho  Afon;;oUy  tlte  Anterican  JittHiUU,  and  (Ae  J^hcoM. — 

LHitrihviion  *tf  dnfjiif^ion  ia  t/ie  Trc^iical  RactK. 
Variationa  in  the  Skeleton. — Four  yfodea  of  tzamiitin^  the  Shili. —  Canntftion  oftht  SK^M  tjf 

CA«  Sbi/i  and  Mtaner  of  IJ/e. — Physiaxl  CtBtsea  of  Variation  of  the  SkvlL 
Inftmotce  nftha  Avtion  <ifU»x  IJcer  on  0»apkxioH. — Injlaaiit  *^'  the  Action  o/tht  Liver  on  tie 

Form  of  the  SImU. — ItoM  Form  ofShill  arising /"toih  Ijow  as  well  as  Ilijh  TcitpertUwtt. — 

JLfiMafjfitaranee  of  the  lied-kairtd  and  lilur-eytd  Mm  in  Evrojte, 
Tkt  InttlUctiMl  QiiaUtiea  qf  Nations, — Sipitf»etii.al  Mind  of  the  Asiatic. — Aftafiftitul  Slind  of  tkt 

Sitropean. — Their  ruptetive  OwlribiaiotiM  to  Utitmxn  Cirifisaltoa. — Sprttid  of  htohammedan- 

ism  in  Afriea.-~-Sprtad  q^  C^riatiiutity  in  Amerioa.-^JJa«ner  of  the  i*fogrus  ^aU  Natimt 

in  (Xvt&tation. 

There  are  great  differences  in  the  aspect  of  men. 

Tlie  portrait  of  Xewton  ia  from  the  frontispiece  of  Iiia  immortal  Prin- 

'■*  '»*■  cipia.       "  Docs   ho    cat,    UiffcwnPet  in 

and   drink,  and  aloe,,.  Si.^:;.!"^:^* 
like  other  people?'* ask-  men. 


m  4 


S, 


Fi.;.  207. 


AutnllM. 


ed  the  Marquis  de  I'Hopitftl,  liimsclf  a  great  contemporary  Fi-cncli  Ts&tb- 
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cniatician:  "  I  reprcaent  him  to  myself  as  a  celestial  genius  entireljdii- 
engagcd  from  matter."  And,  truly,  transcendent  intellect  sliinea  out  in 
every  lineamejit  of  tlrnt  noble  countenance 

What  a  contrast  between  the  astronomer,  of  whom  the  human  race 
may  be  justly  proud,  and  the  Australian  savage  whose  portrait  Dr.  Pricb- 
nrd  has  furnished !  This  man  lives  in  a  hollow  tree,  which  he  has  in 
part  cxca%*ated  by  ilre,  and  obtaius  a  precarious  support  from  aheU-fUh, 
or  bruised  ants  and  grass.  He  can  make  a  hook  of  a  piece  of  ovslcr, 
and  can  fasten  a  lino  to  it.  He  is  lost  in  tilth  and  vermin,  iiis  life  is 
like  that  of  a  beast ;  it  is  concerned  only  with  to-day.  The  early  navi- 
gators accused  him  of  cannibalism.  Wc  can  not  say  that  his  featoro 
acquit  him  of  the  charge. 

History  teaclies  us  that  a  nation  may  pass  througli  an  Bsccndingoc 
descending  career.  It  may,  by  long-continued  mental  culture,  exhibit  i 
general  mental  advance,  and  under  such  clrcumstancea  may  produce,  hen 
and  there,  an  intellect  of  the  first  order;  or  it  may  go  through  a  coorae 
of  degradation  until  it  reaches  conditions  inconsistent  witlt  its  euntmued 
existence,  and  then  it  dies  out. 

Man  is  accordingly  distributed  over  the  face  of  the  earth  m  various  con- 
ftO-tat,  ^g^       ,      ditions.     Here  he  jire^cala 

the  civilization  of  the  Euw- 
pean,  there  the  abject  nuw- 
ry  of  the  Australian.  AVUt 
more  humiliating  spectacle 
could  be  ofl'ercd  to  us  tlun 
the  annexed  engraving,  /({r- 
Krc  268,  from  M.d'Urviliar 
l'>pn  a  negro  of  Guioeft 
miglit  look  dowit  on  sudi  a 
sj)ccimcn  of  iiuinan  imbcdl- 
iiy  and  physical  weakness 
with  contempt,  and  rclUse 
to  recognise  such  a  ljeing|MJ 
a  man  at  all.  ^H 

What  is  it  lliat  \m 
brought  this  man  and  ha 
companion  to  such  a  paM? 
An  almost  tropical  sun,  a 
loftiKue  pestilential  climate,  starvation,  nakedness,  the  want  of  shel' 
diiren-aocs.  tcr,  personal  fear :  these  have  done  their  work  on  the  suc- 
cessive generations  of  his  miserable  ancestors,  who  have  been  forced  from 
step  to  step  in  a  descending  career,  and  here  is  the  result. 

Among  the  causes  whicli  influence  the  aspect  of  man,  there  are  tiro 
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which  are  pre-eminent :  heat  determines  his  complexion ;  social  condi- 
tion the  form  of  his  brain,  nnd,  therefore,  that  of  his  skull. 

The  aspect  of  man  in  form  and  color  oscillates  between  two  oxtremea. 
Sabmittcd  for  a  due  time  to  u  high  temperature,  any  race,    .       ,     aa 
irrespectively  of  its  original  color,  will  become  dark ;  or  if  to  wBntcfhtimin 
«  low  tcmi>craturc,  it  will  become  fair.     Under  such  condi-  ^^'fc'* "'*'"*<"'• 

■  tions  AS  wilt  be  set  forth  in  this  chapter,  it  wilt  pass  to  the  cIHptical ;  un* 

■  der  others,  (o  the  prognatlioiis  form  of  skiiH.     Xo  race  is  in  a  state  of 
m   absolute  equilibrium,  or  ablu  successt'ully  to  maintain  its  present  physi- 
ognomy, if  the  circumstances  under  which  it  lives  undergo  a  cliangc.     It 
holds  itsch*  ready,  with  equal  facility,  to  descend  to  a  baser,  or  rise  lo  a 

tmorc  elevated  state,  in  correspondence  with  tlioae  circumstances. 
I  think  that  this  principle  has  not  been  recognized  with  suflicient  dis- 
tinctness by  those  who  have  studied  the  natural  history  of  man.  They 
have  occupied  themselves  too  completely'  with  the  idea  of  tisity  in  the 
aspect  of  Imman  faniihes,  and  have  treated  of  them  as  though  tliey  were 
pcrl'ectly  and  delinitely  distinct,  or  in  a  condition  of  equihbrium.  They 
have  described  tlicm  as  tlicy  ore  found  in  the  various  countries  of  the 
globe,  and  since  these  descriptions  remain  correct  during  a  long  time,  the 
general  inference  of  an  invariability  lias  gathered  etrength,  until  some 
Trriters  are  to  be  found  who  sujiposc  that  there  have  been  as  many  scp» 
arate  creations  of  man  as  tlierc  are  races  whicli  can  be  distinguished  from 
each  other.  Wo  ore  perpetually  mistaking  tlic  slow  movements  of  Na- 
ture for  absolute  rest.  We  confound  temporary  oquilibratioa  with  final 
ec^uilibrium. 

■  Man  can  not  occupy  a  new  climate  without  an  organic  change  occur- 
futg  in  his  economy,  wliich  by  degrees  comes  to  a  corrc-  p„^,     ^^ 
spondencc  with  the  conditions  by  which  it  is  surrounded.  orrUmiiipAnd 

■  In  this  career,  each  individual,  as  a  member  of  one  genera-  *'*■""" 
tion,  niny  only  make  a  j>arti:d  advance,  for  dilTercntLition  most  commonly 
oeenrs  in  tlie  early  perloils  of  embryonic  life,  as  described  at  page  505; 

Pbut,  since  all  individual  peculiarities  are  liable  to  hereditary  transmission, 
the  cumulative  eflfoct  becomes  strongly  marked  at  last.  So  dominating 
is  the  control  which  physical  intluenccs  exert  over  us,  that  invariability 
I  of  our  aspect  for  several  generations  may  bo  received  as  a  proof  tliat  tlioso 
influences  have  been  stationary  in  kind  and  degree.  In  such  a  jwrfcct 
niamier  is  that  aspect  dependent  on  them  that  it  is  truly  their  represent- 
ative.    It'  they  cliange,  it  must  change  too. 

•  I  do  not.  therefore,  contemplate  tlic  human  race  as  consisting  of  vari- 
eties, much  less  of  distinct  8i}ecies,  but  rather  as  offering  numberless  rep- 
lesentatious  of  the  ditfcrent  forms  which  an  ideal  type  can  be  made  lo  as- 
same  tmdcr  exposure  to  ditfereut  conditions.  I  believe  that  that  m^i  trp* 
ideal  type  may  still  bo  recognized,  even  in  cases  that  offer,  when  "^  '"'"'■ 
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compared  together,  complete  tliecortlances ;  nnil  that,  if  such  an  Hlastra- 
lion  be  permissible^  it  is  like  a  general  expression  in  algebra,  which  givts 
rt90  10  dlficrent  resalta  according  as  we  assign  different  values  to  in 
ijuantitieSi  yet  in  every  one  of  those  results  tlie  original  expression  exists. 

From  tJiU  it  tlieretbrc  follows  that  there  is  a  capability  of  mctainoT' 
pilosis  or  transmutation  from  fonn  to  form ;  that  t!ic  human  system  pos. 
scsses  no  inherent  resistance  to  change,  no  physiological  inertia,  bat  wiU 
pass  indifferently  upward  and  downward,  toward  perflation  or  towuj 
degradation,  as  circumstances  ovemde,  yet  is  it  the  same  Unman  system 
throughout.  Nor  ia  it  of  any  consequence  that  tho  progress  of  these 
_..  .    .  clianires  may  be,  as  we  term  them,  tardr,  and  that  for  their 

fur  phviioicv,"  completion  a  long  time  may  be  required.  Even  a  mass  of 
icclcttauge.  inoi^^anic  matter  —  a  rock  —  transfeiTcd  from  the  cqofttor 
toward  the  pole,  or  from  tho  polo  to  the  equator,  would  not  chai^ 
its  temperature  to  that  of  the  new  locality  at  once;  it  would  come  to 
its  destined  equilibrium  in  a  gmdaal  way,  in  a  time  depending  oo  itj 
mass  and  conducting  power.  We  should  not  impute  its  slow  maaoCT 
of  yielding  to  any  inherent  principle  of  resistance  which  it  |X)SScs8eil 
The  physiolc^col  metamorphosis  of  man  is  an  afluiir  of  ccntuxica.  Tbe 
universal  recognition  of  the  principle  that  such  changes  arc  possible  Iks 
at  tlic  bottom  of  all  our  attempts  to  elevate  communities  by  ameliorating 
their  social  condition  and  by  education. 

In  the  remarks  which  follow,  it  will  therefore  be  understood  iJiat  1  re- 
ceive the  clossifiuutions  of  Bluincnbach  and  other  authors  as  otiering  a 
convenience  in  description,  but  do  not  attach  to  them  any  essential  sig* 
nificonco. 

Though  plants  and  animals  are  limited  to  certain  localities  of  the  earth's 
Hatiu  of  dif-  surtacc,  some  species  being  formed  in  one  and  some  m  bd- 
fbnnt  (i»iion«.  other  region,  the  human  fam  ily  lives  indifferently  all  over  tbo 
surface  of  the  globe.  It  occupies  countries  where  tho  thermometer  faUl 
to  50**  below  2cro,  or  where  the  temperature  of  tlie  midday  sun  ia  160". 
In  these  diil'ercnt  climates,  the  most  marked  differences  in  color,  statoie, 
conformation,  and  habits  are  exhibited,  tlicre  being  every  shade,  from 
a  jet  black  to  a  fair  wliite ;  every  stature,  from  the  pigmy  Ksquimaox 
and  Laplanders  to  the  tall  Patagonian  ;  every  variety  of  facial  angle,  from 
that  acute  one  which  cliaraotenzcs  the  ape  to  the  classical  asjx?ct  of  the 
Greek,  which  is  more  tlmn  90^;  cvciy  pursuit  of  \i(ti^  hunting,  fishing, 
the  keeping  of  flocks,  agriculture,  commerce,  and  the  arts  of  civilixod  so- 
ciety. To  these  might  be  added  the  use  of  evex}-  variety  of  food,  from  a 
wretched  subsistence  on  worms  and  roots  scratched  out  of  tho  ground  to 
the  luxorioua  habits  of  the  epicure ;  every  grade  of  locomotion,  from 
tltoso  wlio  never  leave  the  hill  or  valley  where  they  were  bom  to  tiiose 
who  are  perpetually  wandering  all  over  a  continent,  nay,  even  all  over 


REALMS  OF  PLANTS  AKD  A!?1MALS. 


567 


There  might,  too,  he  added  every  variety  of  character  and 
xee  of  intellectuality.  Among  these  differences  ilic  variationa 
iof  language  arc  by  no  means  the  least  important  It  id  estimated  that 
jmorc  than  three  thonsnnd  dialects  arc  spoken. 

I  Among  tJicsc  race^  certain  common  traditions  prevail,  historical  rem- 
tiniscences  handed  down  from  one  generation  to  another,  TmrtiHoniof 
(vhich  convey  tlic  deeds  of  former  great  men  wlio  have  either  >"''•>"*• 
(diatingnishcd  themselves  by  their  achievements  in  war  or  by  tlieir  in- 
fvcntiona  in  the  peaceful  arts ;  traditions  which  have  also  communicated 
ttho  religion  or  the  superstition  of  the  ancient  timca»  and  which,  among 
Ipeople  inliablting  countries  remote  from  one  anotiier,  present  sucJi  an  os- 
ipeci  of  sameness,  tliat  we  must  cither  refer  theui  to  one  common  and  more 
/ancient  source,  or  regard  them  oa  arising  from  analogous  peculiarities  in 
jttiio  mental  structure  of  the  wliolc  race- 

H     There  can  not  be  a  doubt  that  in  the  lapse  of  many  ages  the  influ- 
inice  of  ejcternal  physical  agents  must  have  made  a  marked  .  .  . 

timprcsston  npon  the  original  chiiractcrs  of  men.  Few  ques-  tc miaI  ■K^'nu 
ttions  have  been  more  critically  discussed  than  the  extent  to  ""  "  ""*" 
jwhich  tills  change  of  aspect  by  physical  agents  can  go,  many  naturalists 
"believing  that  the  sole  cause  of  national  difference  is  the  influence  of  cli- 
twatG  or  temperature — an  inHuencc  which  is  sufiicient  to  account  for  all 
Mother  organic  peculiarities  we  have  just  specified;  tor  if  wo  admit  that 
(the  same  original  germ  may  develop  itself  into  countless  forms,  accord- 
ing as  it  1ms  been  exposed  to  ditiurcnt  physical  agents,  much  more  is  it 
tlfTobable  tliat  the  various  races  composing  the  human  family,  exposed  as 
jtlicy  have  been  to  different  physical  circumstances,  may  by  degrees  liave 
Utfsumcd  the  discordant  features  they  present,  although  they  have  de- 
jpoended  from  one  original  stock. 

I  Here  we  slmll  have  to  consider  the  weight  wliich  should  be  attached 
rto  a  very  remarkable  observation  which  has  of  late  been  fi«>Rr«piilcal 
jinade  as  respects  the  distribution  of  man.  "With  rxigard  to  jlu„'j];"i5^  *•' 
i|>laj)ts,  it  has  lon^  been  known  tliat  they  ore  grouped  round  nuli,MidiuD. 
IjSCTtain  centres,  wliich  may  be  regarded  as  their  foci  of  origin,  and  one  of 
tmch  groups  compared  with  another  presents  striking  contrasts ;  the  veg- 
Ictalion  of  Central  Africa  is  wholly  distinct  from  that  of  Europe,  the  veg- 
jctation  of  Europe  di^tinrt  from  that  of  North  America,  and  this,  again, 
ili'oni  New  HoUand.  There  are  no  lanrino^  in  Central  .Ainca,  no  heaths 
lin  the  New  World.  The  forests  of  New  Holland  gain  their  most  strik- 
ing features  from  their  leafless  acacias  and  eucalypti.  So,  in  like  man- 
ner, there  arc  foci  of  origin  and  circles  of  distribution  as  regards  animal 
pHe*  The  fauna  of  Asia  is  wholly  dissimilar  from  tliat  of  Europe,  the 
^una  of  Europe  is  dissimilar  from  that  of  North  America,  and  this,  again, 
£tim  that  of  Africa  and  New  Holland.     Without  specifying  details,  wo 
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may  recall  tliat  tlie  luppopotanuis  oiid  catnelopard  are  natives  of  Aftica, 
and  are  restricted  to  it ;  the  tiger  is  a  native  of  ludim ;  the  armadillos 
and  ant-caters,  of  South  America;  tU©  kangaroo  and  omitliorhynchiiStOf 
Now  HoUund.     The  earth's  surface  might  thus  be  divided  into  tenons 
or  realms,  eacli  poascssiug  its  own  special  flora  and  fauna.     And  aore 
than  this,  the  oceans,  too,  might  in  like  manner  be  [lartcd  oif,  and  Uu^ 
not  only  aa  regards  their  surface,  but  also  in  strata  at  different  deptba 
Now  these  botanical  centres  and  circles  are  coincident  with  the  zoolc^pul 
centres  and  circles,  and  hence  there  has  arisen  the  idea  that  such  centra 
have  been  tnJy  points  of  original  development,  both  for  one  and  tbc  oili- 
er of  these  natural  kingdoms,  and  that  the  globe  has  not  been  filled  bya 
process  of  dispersion  or  dili'usion  from  one  point,  but  co-ordinately,  and. 
}>crhaps,  contemporaneously  from  many  such  foci,  and  that  wc  can  rtilt 
recognize  the  position  of  these  foci  by  a  critical  study  of  animals  ami 
plants. 

As  to  the  discussions  which  have  of  lato  years  ariaen  on  this  question. 
The  two  hy-  the  reader  may  refer  to  the  work  of  Drs.  Nott  and  GUddon 
[.ri^'^rof  us-'"*  ^^  *'**^  types  of  mankind  for  arguments  in  support  uf  a  mnl- 
liotM.  titudc  of  centres  of  human  origin,  ond  to  tliat  of  Dr.  Pricb* 

ard  on  the  natural  history  of  man  for  those  in  behalf  of  the  unity  of  tlie 
raec.  In  tliese  works,  respectively,  will  be  found  most  of  the  facts  hith- 
erio  brought  forward. 

In  the  former  of  these  work?.  Professor  Agassiz  draws  attention  to  lliE 
Doctrinn  of  circumstance  that  all  aruund  the  Arctic  circle,  and  therefore  in 
ProAtMr  every  longitude,  is  to  be  found  one  race  ofiering  characters  that 
■^""*-  are  strikingly  homogeneous  in  u.s|)ect,  intellect,  and  habits  of  Ufe, 
represented  in  ^Vmerica  by  tlie  Esquimaux,  in  Kuropc  by  the  Laplande^^H 
and  in  Asia  by  the  Samoicdcs.  These  live  In  a  region  of  which  ^^fl 
FlorEl  founal  **""*  ^"*^  ^^^^  ^^  likewise  homogeneous.  It  has  every  where 
«n«i  human  the  same  dreary  expanses,  covered  with  dwarf  birches,  ID08»> 
Ki^oup*-  gg^  jyj^j  lijiens;  in  its  waters  there  are  the  same  Babes*  as 

the  sabnon,  and  the  same  molluscs  and  ccliinoderma.  In  the  air  it  has 
the  same  birds.  Among  its  mammals  found  thus  with  miiformitv,  the 
wliite  bear,  the  reindeer,  the  walrus,  and  the  whale  may  be  mentioned. 
With  a  special  fauna  llms  coinciding  with  a  special  flora,  there  is  also  a 
i>]>eciul  variety  of  man. 

W'liat  has  here  been  said  respecting  Arctic  life  may  be  generalized. 
Each  of  the  coincident  floral  and  fauiml  circles  has  its  own  specica  of 
mnn. 

Thus,  in  the  temperate  zone,  may  be  distinguislicd  three  such  primary 
realms,  each  of  which  is  distinct  as  regards  its  botany  and  zoology ;  »^i 
in  correspondence,  we  find  that  m  tlie  tirst,  in  tlie  country  of  the  ilongo- 
linns,  to  the  cast  beyond  the  Caspian  Sea,  there  are  nations  whose  conor- 
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plcxion  U  yellow ;  in  the  second,  upon  tlie  shore  of  tlie  Sredltcrrancan 
and  tliroughout  Europe,  there  arc  others  Tvhosc  complexion  is  white;  in 
tl»e  tliird,  in  America,  others  whose  complexion  is  red;  and  though 
these  three  widely-extended  races  touch,  upon  their  north  boundarj-,  the 
homogcunus  jVrctic  inliahilanis,  iu  every  respect  they  may  he  distin- 
guished irom  them.  The  temperature  of  the  zone  in  which  ihey  live 
ranges  from  32**  to  74'' ;  it  permits  the  growth  of  pines,  nut  and  fruit 
trees,  and  among  its  animals  might  be  mentioned  the  bear,  the  wolf,  the 
otter,  the  deer,  the  squirri'l,  and  the  rat;  these  animals,  however,  respect- 
lYcIy  exliibiting  striking  differences  characteristic  of  their  three  focal  cen- 
tres: the  black  bear  belongs  to  North  America,  tho  brown  bear  to  Europe, 
and  tho  bear  of  Thibet  to  Asia,  The  European  stag  finds  its  Amciican 
analogue  in  the  wapiti,  and  in  Asia  in  tlie  musk  deer.  The  wild  ox  of 
Uthuania  differs  from  the  North  American  buflalo,  and  this,  again,  from 
the  Jlongolian  yak.  Even  among  plants  the  same  differences  may  be 
traced ;  the  pines  of  Eurojw  are  not  the  same  as  the  pines  of  America, 
find  thus  it  would  appear  that  cacl»  of  tho  tiiree  great  organic  circles  be- 
longing to  the  temperate  zone  has  a  Horn,  a  fauna,  and  n  human  species 
of  its  own. 

The  same  general  result  might  be  CRtnhlishcd  for  the  tropical  regions, 
and  8{)ecial  centres  assigned  for  Africa,  Malnya,  and  Polynesia. 

In  view  of  tlua  distribution  as  connected  with  habits.  Dr.  Pridiard  thus 
expresses  himself  in  his  Natural  llistorv  of  Man:  **Let  us  Htiiitaofn*- 
imaginc,  for  a  moment,  a  stranger  from  another  planet  to  visit  *"■«•• 
oar  globe,  and  to  contemplate  and  compare  the  manners  of  its  inhabit- 
ants, and  let  him  tirst  witness  some  brilliant  spectacle  in  one  of  the  high- 
ly-civilised countries  of  Europe:  the  coronation  of  a  monarch,  the  in- 
stnUution  of  St.  liouis  on  the  throne  of  hia  ancestors,  surrounded  by  an 
■ngust  assembly  of  peers,  and  barons,  and  mitred  abbots,  anomted  from 
the  rniiso  of  sacred  oil  brought  by  an  angel  to  ratify  tlic  di\'ine  privilege 
of  kings;  let  the  .same  person  be  carried  into  u  hamlet  in  Ncgi'oland,  in 
tlte  hour  when  the  sable  race  recreate  themselves  with  dancing  and  bar^ 
barous  music ;  let  him  then  be  transported  to  the  saline  plains  over 
which  bald  and  tawny  Alongols  roam,  differing  but  little  in  hue  from  the 
yellow  soil  of  their  steppes,  brightened  by  the  saffron  flowers  of  the  iris 
and  tulip;  let  him  be  placed  near  the  solitary  den  of  the  Bushman,  where 
the  lean  and  hungry  savage  crouches  in  sdcncc  like  a  beast  of  prey,  watch- 
ing with  fixed  eyes  the  creatures  which  enter  his  pitfall,  or  tlic  insects 
and  reptiles  whicli  chance  brings  witlun  his  grasp ;  let  the  traveler  be 
canied  into  the  midst  of  an  Australian  forest,  where  the  squalid  com- 
pafri^mn  of  kangaroos  may  be  seen  crawling  in  procession  in  imitation  of 
quadrupeds;  can  it  be  supposed  that  such  a  person  would  conclude  the 
various  groups  of  beings  whom  he  had  sun-eyed  to  be  of  one  natiuv,  one 
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tribCf  or  tlie  ofisprlng  of  the  same  original  stock  ?     It  U  much  more  pnib* 
able  that  he  nvould  arri%e  at  an  opposite  conclusion." 

On  this  it  may  be  remarked  that  much  would  depend  on  the  previwa 
training  of  the  illaetrioUB  stranger.  If  his  mind  liad  been  imlmed  witk 
a  better  pliilosophy  than  that  which  prevails  in  this  our  lower  world,  he 
might  look  with  an  equal  eye  on  the  transitory  faslilons  before  him,  ind 
penetrate  to  tlie  first  principles  of  things  through  the  false  glare  of  pomp 
or  tliroiigh  debasement  and  degradation,  and  »o  Arrive  at  a  conclmioo 
precisely  lite  opposite  of  the  foregoing,  in  the  same  manner  as  has  Dr. 
Prichord  himself. 

For,  from  sucli  an  elevated  point  of  view,  the  plumed  pageant  ofci^ 
ilized  life  migjft  only  api>ear  to  be  a  modified  phuite  of  the  ceremooialj 
of  equinoctial  Africa,  where  tlie  inlmbitant»,  on  their  festive  occasion, 
ndom  their  naked  bodies  with  leaves,  and  present  oblations  of  palm  oil 
with  many  genuflexions  to  their  chiefs  and  enchanters.  Beneath  tbc 
feathers  in  the  one  case,  and  tlie  leaves  in  the  other,  he  might  discern  the 
iwme  ruling  idea,  and  detect  <he  same  human  nature ;  or,  if  his  ^-ision 
could  reach  into  the  past,  and  recall  the  credulous  Greek  worshiping  be* 
fore  the  exquisitely  perfect  statues  of  the  deities  of  liis  country,  beseediing 
them  for  sunshine  or  for  rain,  and  then  turn  to  the  savage  Amaiman,vbQ 
commences  his  £ist3  by  taking  a  vomit,  and,  for  want  of  a  better  goddess, 
adores  a  dried  cow's  tail,  imploring  it  for  all  earthly  goods,  and  particu- 
larly to  pay  his  debts — again  the  same  principle  would  emerge,  oulv  il- 
lustrated by  the  circumstance  that  tlie  savage  is  moro  tliorougK  mm 
earnest  in  his  work. 

In  fact,  wherever  we  look,  man  is  the  same.  Stripped  of  exterior  cov- 
RamnUnnccs  crings,  thcTC  13  in  cvcTy  climate  a  common  body  and  a  com- 
amoHc  ruiUuna.  ,„^n  ^i,^^^     j^  jj^j  ^^  ^^  ^3  ^jj^jj.  ^^  ^^^  ^^^  diseases! 

Have  not  all  a  tendency  to  exist  the  same  length  of  time  ?  la  it  ^ 
temperature  of  our  body,  the  beat  of  the  pulse,  the  rcspii-ation  that  we 
obscn-e — arc  they  not  every  where  alike  ?  Or,  turning  to  the  manifcstsr 
tions  of  tho  mind,  ia  tlierc  not,  among  all  the  tribes  of  our  race,  a  l)elief 
in  tho  existence  and  goodness  of  (rod  ?  in  unseen  agents,  intermediate 
between  him  and  ourselves  ?  and  in  a  future  life  ?  l)o  we  not  all  put  a 
reliance  in  the  efficacy  of  prayers  ?  and  all,  in  our  youth,  have  a  dread  of 
ghosts  ?  How  many  of  us,  in  all  parts  of  the  world,  attach  a  value  to 
pilgrimages,  sncriiicial  offerings,  fastings,  and  unlucky  days,  and  in  our 
worldly  proceedings  arc  guided  by  codes  of  law  and  ideas  of  the  nature 
of  proi>ertY  '•  Have  we  not  all  iho  same  fe.irs,  the  same  delights,  tlic 
same  aversions,  and  do  we  not  resort  to  the  use  oi'  fire,  domestic  animals, 
and  wcai>onB  ?  Do  we  not  all  expect  that  tho  ditTercncos  which  surround 
us  here  will  be  Ijalanced  hereafter,  and  that  there  are  rewards  and  punish- 
ments ?    Is  there  not  a  common  interpretation  of  all  the  varied  forms  of 


JjOCAh   TEMPEHATURES. 


671 


funeral  ceremonies?  a  common  sentiment  of  the  sacredness  of  the  tomb? 
Have  wo.  not  nlwaj-s,  and  do  we  not  every  where  set  apart  a  sacerdotal 
order,  who  may  mediate  for  us  ?  In  our  less  advanced  civilization,  do  we 
not  all  hclieve  in  eorcerics,  witches,  and  charms?  It  signilies  nothing 
in  what  particular  form  our  menial  conceptions  arc  embodied ;  it  is  the 
conception  tliat  concenis  us,  and  not  the  aspect  it  has  assumed.  Thus 
equally  do  the  views  of  the  various  nations  demonstrate  tlieir  innate  be- 
lief of  a  future  world — ^thc  undisturbed  hunting-ground  of  tiie  American 
Indiani  the  voluptuous  Paradise  and  society  of  the  houris  of  the  j^ra- 
bian,  or  the  snow  hut  of  the  Esquimaux,  iu  which  the  rigliteous  feed  on 
the  blubber  of  whales. 

Turning  our  attention  to  the  influence  of  temperature,  it  may  be  ob- 
sen'ed  that  the  development  of  coloruig  matter  in  the  skin  de-  Influence  of 
pends  on  the  heat  to  wliich  we  arc  exposed.     Generally,  it  J.'J^t^"^^ 
might  therefore  appear  tliat  there  should  be  a  correspondencjc  picxion. 
between  the  complexion  and  the  latitude  of  the  place  of  our  abode,  the 

■  ekin  being  darker  as  we  approach  tlie  equator,  and  fairer  toward  the 
poles,  Itecausc,  since  all  the  Iteat  that  wc  receive  comes  from  the  sun, 
the  amount  which  is  fumighed  to  us  depends  upon  the  obliquity  of  hia 

■  raySf  and  therefore  upon  the  latitude.  But  this  is  true  only  in  a  very 
general  way,  and  many  exceptions  at  once  spontaneously  snggcst  them- 
selves.    I  may  point  nut  some  of  tliesc  variations. 

■  The  temperature  of  a  place  depends  on  three  leading  circumstances, 
its  latitude,  its  elevation  above  tlie  sea,  and  on  mcteorolog-  Caii«B8 oflocml 
ical  conditions.     Respecting  tlie  latitude,  nothing  need  be  'empomttuw. 

I  added  to  the  remarks  already  oflered ;  and  as  regards  the  influence  of 
elevation  above  tlie  sea,  it  is  to  be  remembered  that  there  is  a  decline  of 
temjierature  as  wc  ascend  in  the  atmosphere  from  any  jmint  of  the  globe, 
and  for  this  reason,  as  lias  been  already  explained  at  |wgc  473,  even  un- 
der tlie  equator  there  will  \)G  nn  arrangement  answering  to  climates  on 
ever}'  high  mountain,  its  top,  if  sufficiently  elevated,  being  covered  with 
perpetual  snow.  Of  meteorological  conditions,  it  may  be  said  that  they 
are  so  numerous  as  to  render  it  almost  impossible  to  give  a  full  and  yet 
brief  statement  of  them,  but  as  illustrations  may  be  mentioned  the  prox- 
imity of  the  sea,  or  of  great  desert  tracts,  ocean  currents,  the  prevailing 
winds;  thus,  in  our  hemisphere,  a  nortli  wind  predominating  lowers  the 
mean  temperature  of  the  place,  a  south  wind  tends  to  raise  il ;  and  thus, 
also,  the  great  desert  of  Saliara  and  the  American  GuU'  Stream  increase 
by  many  degrees  the  temperature  of  Europe. 

For  such  reasons,  therefore,  the  lines  of  equal  heat  do  not  correspond 
to  the  parallels  of  latitude,  but,  as  an  inspoxtion  of  a  chart  of  them  will 
show,  deviate  greatly  therefrom. 

In  treating  of  the  influence  of  heat  on  plants,  it  was  shown  that,  when 
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VTB  make  our  examination  in  a  critical  manner,  the  problem  is  not  so  sim- 
ple as  appears  at  first  sight,  and  that  there  are  scrotal  difierent  rplatioiu 
of  the  heat  which  must  be  considered.  Thus  the  geography  of  plants  ia 
not  wholly  determined  by  the  mean  temjierattire  of  the  whole  year,  nor 
by  the  greatest  heat  of  the  snmmcr,  nor  tlie  greatest  cold  of  winter;  thn! 
13  to  say,  it  neither  follows  the  isothermal,  isotheralfOorisochixncnanine^ 
Moreover,  the  luxuriance  of  vegetation  is  not  so  much  dependent  upon 
the  temperature  or  intensity  of  heat  as  it  is  upon  tlie  quantity.  Tbee 
I  lowitv  »tid  reroarka  apply  with  much  force  to  the  case  now  before  ns, 
qawitiiv  of  for  the  change  of  complexion  is  not  bo  much  dependent  upon 
hMtccnipii  .  j^j^g  intensity  of  heat  determined  by  the  tlicrmomcter  as  it  is 
upon  the  absolute  annual  quantity ;  for,  tliough  these  conditions  of  ic- 
tensity  and  quantity  of  heat  arc  essentially  distinct,  yet  it  will  gcneraUy 
happen  that  they  may  increase  or  diroiuish  together,  without  there  being 
on  absolute  corresjwndencc  between  tlicm.  There  can  be  no  doubt  thai 
the  quantity  of  heat  annually  furnished  in  Guinea  vastly  exceeds  tbe 
quantity  annually  furnished  to  any  part  of  tropical  America.  It  is  upon 
this  condition,  and  not  upon  the  height  of  the  thermometer,  that  the  dark- 
ening of  the  human  complexion  depends. 

To  the  reader  wtio  is  not  familiar  with  ihc  technicalities  of  N&tnnl 
Philosophy,  an  expianatorj-  illustration  of  the  statement  lieits  made  nu)' 
be  of  value.     If  he  will  sup[X>sc  that  he  examines  a  wine-glass  of  water, 
boiling  hot,  and  a  gallon  of  tepid  water  by  a  thermometer,  he  will  fitxl 
that  tluit  instrument  will  stand  much  higher  in  the  wine-glass  than  in 
the  gallon.     Hut  if  he  proceeds  to  determine  how  much  ice  the  two  [»m^ 
tions  of  water  will  respectively  melt,  he  will  find  that  tlio  greatest  efiect 
is  produced  by  the  lukewarm  water.     Wo  say,  therefore,  that  though  the 
thermometer  has  indit^ted  tlie  intensity  oi'  llm  heat  in  tlie  two  portiom 
of  water  resjwetively,  that  is  to  say,  their  temperatures,  it  has  not  indi- 
cated the  quantity  present  in  each,  but  the  melting  of  the  ice  has  revealed 
tlio  fact  that  the  tepid  water,  by  reason  of  its  larger  proportion,  contains 
a  larger  quantity  of  heat- 
It  may  be  repeated,  therefore,  that  the  absolute  quantity  of  heat  an- 
nually fumislied  to  any  locality  is  by  no  means  indicated  by  tho  maxi- 
mam  height  to  which  the  thermometer  mil  rise  in  the  summer  season, 
yet  it  is  upon  that  condition,  quantity,  that  the  tint  of  tho  ooniplexioii 
depends. 

That  climate  docs  thus  in6ucncc  color  is  clearly  demonstrated  by  the 
gnaotitv  of  '*"-'^  *^^^  *  family  of  men,  indisputably  derived  from  a  com- 
h««i  intiiwnc€«  mon  stock,  have  diiferent  complexions  in  different  countries. 
pivooa.  rj'jj^  Jews  of  the  north  of  Europe  are  fair  men,  often  having 
red  beards  and  blue  eyes.  As  wc  trace  them  in  their  southeasterly  dis- 
tribution, tiieir  color  deepens  by  degrees.     In  llicir  original  coontr)*  they 
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are  lawny,  still  farther  on  tlicj*  arc  deep  broT^ni,  antl  in  Jlalnbar  almost 
black.  A  moro  interesting  and  more  general  instance  is  oftercd  by  tho 
Trtcc  to  which  wc  belong,  the  Indo-Eiiroi>ean,  wliich  reaches,  in  one  un- 
broken column,  across  Western  Asia,  through  Europe,  from  Hindostau  to 
ibc  Britisli  Islands.  That  this  is  one  homogeneous  family,  derived  froni 
a  comtnon  stock,  is  proved  beyond  all  possibility  of  a  doubt  by  tbe  aflin- 
itiea  of  ils  languages,  all  showing  a  relation  to  the  ancient  Sanscrit* 
and  even  betraying,  by  their  vai-ied  designations  of  certain  objects,  in  an 
approximate  manner,  ibc  time  at  wliic]i  the  progi*cs3  of  this  coluuni  wus 
made — that  it  was  anterior  to  the  introduction  of  the  metals,  iu  the  age 
of  stone,  as  some  authors  have  designated  it,  when  weapons  and  imple- 
ments of  that  material  alone  were  employed,  for  the  names  of  the  uietala 
arc  different  in  many  of  the  different  languages  of  this  race. 

But  hoAv  is  it  as  regards  tlie  eoniplcxion  of  the  Indo-Euroj>eans?  To 
the  northwest  it  is  light,  but  it  darkens  toward  the  extreme  Vnriaiinnn  im- 
soulheast  in  India,  tho  distribution  in  this  respect  having  yj^J^Euronein 
been  doubtless  nmch  better  marked  in  former  times,  before  race. 
it  was  disturbed  by  the  influences  of  civilization.  Thus  the  Roman  au- 
thors speak  of  the  northern  Germans,  of  tiic  Britons^  and  tlie  Gauls,  as 
being  red-haired,  blue-eyed,  and  very  light  in  their  complexion.  It  is 
not  to  be  understood,  howevci-,  that  tbe  tint  deepens  through  various 
shades  of  olive  and  brown  by  a  stciidy  progress  as  wo  pass  toward  India, 
for  the  physical  principles  on  which  wc  have  been  dwelling  would  pre- 
pare ua  to  expect  that,  whenever  wc  reach  regions  more  elevated  above 

the  level  of  the  sea,  the  com- 
plexion of  tho  natives  will  be 
lighter.  For  tliis  reason,  the 
inliabitants  of  the  range  of  tho 
Caucasus,  and  again  those  of 
the  great  elevations  of  the  Ilim- 
nwdaya  Mountains  and  sour* 
CC8  of  the  Ganges,  arc  as  light 
as  the  southern  Europeans, 
and  tlierc  very  frecjoeutly  is 
Hecn  the  aubuni-bearded,  and 
Miie  or  gray  eyed  man. 

While  the  complexion  thus 
dejicnds  on  the  heat,  the  form 
of  tbe  skull  is  determined  by 
the  condition  of  development 
of  tho  brain,  and  this  is  tho 
more  perfect  where  life  is  main- 
tained  in    circuinstanccs    of 
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plenty,  indolence,  luxury,  ease  In  Huidoslan,  among  Uic  natives  of 
high  caste,  have  from  time  to  time  arisen  men  wliose  mental  endowments 
have  been  in  no  respect  inferior  to  lliosc  of  KuropeoDS — statesnien,  pocti. 
soldiers,  astronomers,  mathematicinna.  Complexion  apart,  the  portrait 
of  Ram  Ruttum,  a  Brolmiin,  Vtg.  269,  taken  by  Sir.  Branwliite,  jwtscnls 
an  intelligent  and  agreeable  countenance,  though,  perhaps,  with  an  air  oi' 
effeminacy. 

Let  us  examine  n  second  of  our  subdivisions,  tiic  Mongol,  chanlcte^ 
VuiaitDDs  iin.  ^^  ^  dcaocnding  from  u  common  atocl;  by  the  affinities  d 
ptwaml  on  tito  its  languages,  though  having  a  geogrophical  diatribation  firom 

the  Indo-European  race,  so  with  this,  the  color  becomes  darker  as  ik 
tropic  is  approached — so  dark,  indeed,  that,  in  the  lowest  latitudes  1o 
wliich  its  nations  reach,  they  may  bo  said  to  be  black.  From  (his  tlif)* 
pass  throngli  various  shades  of  brown  and  olive  as  a  progress  to  itio 
higher  latitudes  is  made,  the  pale  countenance  reappearing  in  North  Tm^ 
tar)*,  and  attaining  to  whiteness  in  the  fish-feeding  tribes,  Sarooiedes,on 
the  shores  of  the  Icy  Sea.  But  here,  again,  the  complexion  and  the  l»li- 
tude  are  not  in  correspondence:  on  the  low  shorts  of  China  tlic  natives  sre 
ta^vny,  but  in  the  mountainous  regions  of  the  northwest  of  that  countrr 
there  arc  tribes  sjxjkcn  of  by  those  who  liavc  seen  them  as  of  Rurprising 
whiteness,  and  n  similar  circumstanco  occurs  among  the  Tartar  tribes  of 
the  very  elevated  plateaux  of  Ct^itral  Asia. 

Although  the  Chinese  countenance,  both  of  tlic  indigenous  race  and  tho 

dominant  Tartars,  is  \txy  charactcm- 
tic,  as  seen  in  the  annexed  ]>ortrait, 
I^ig.  270,  from  Dr.  IMchard,  the  form 
of  the  skull  e:x]ires3es  a  high  inteilcc- 
tnal  culture,  of  whicli  also  their  civil- 
ization and  their  polity  arc  a  surpris- 
ing proof.  Tiic  diiGcuUics  of  govent- 
ing  maases  of  men  concentrated  in  ft 
narrow  space  seem,  by  tho  ^talesmen 
of  tiiat  nation,  to  have  becoi  in  a  great 
tneasuro  overcome.  On  the  Chinese 
rivers  there  nre  many  great  cities,  vast- 
ly outnumbering  in  their  population 
the  largest  European  capitals.  Under 
♦be  government  of  the  emperor,  it  is  snid  that  there  live,  in  security  and 
repose,  one  tliird  of  tlic  human  nice  I  Such  a  spectacle  m.^y  impress 
even  the  philosopher  with  sentiments  of  respect  and  admiration. 

The  hardships  of  life,  have  left  tlieir  impression  on  tho  Ibnti  of  the  skull 
cf  the  North  Asiatic,  whoso  energies  have  to  be  directed  to  the  support  of 
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animal  existence.  Tlie  portrait 
of  u  Kamtscliatdole,  J'^'tg.  271, 
selected  by  Dr.  Priohard  aa  aii 
example,  sliows  the  projoctiug 
muzzle,  that  invariable  index  of 
want,  and  true  aiiini;d  feature. 
riic  complexion  is  nevertheless 
!i  correspondence  with  the  low 
1 'iiiiKJaturc  of  the  country. 

A  like  examination  of  a  third 
of  the  subdivisions  Variailona  itn- 

can,  equally  well  il-  tU*uracc. 
lustratcs  the  influence  of  heat. 
These,  tliough  popularly  spoken 
ed,  and  often  regarded  as  presenting  the  same  color  from  the  North 
Sea  to  Terra  del  Fucgo,  are  very  far  from  offering  such  a  uniform- 
rhe  Esquimaux  on  tlie  north,  and  the  Fuegians  on  the  soutli,  are 
the  tint  of  tlie  native  races  dee{>ening,  to  a  certain  degree,  us  the 
r  is  approached — a  gradunl  deepening,  nmch  better  marked  in 
in  Nortlr  America,  and  on  the  Pacilac  than  on  tlio  Atlantic 

slope.  As  examples  of  the 
North  American  Indians, 
TTC  may  take  the  portraits, 
by  Mr.  Catlin,  of  lilack 
Ilawk,  7=7^.  272,  and  Tuch- 
ee,i^y.  273,  page  57G;  the 
fonncr  a  Sac,  the  latter  a 
Cherokee.  It  is  suilioient 
to  compare  the  counte- 
nances of  these  Indians 
with  those  of  California,  as 
figured  in  the  Voyage  Pit- 
torcsque  of  Cliorifi,  Ki^, 
274,  page  576,  to  rralizo 
how  erroneous  is  the  prc%*a- 
lent  statement  that  all  the 
American  tribes,  both  of 
the  north  and  south  conli- 
tinent,  are  alike.  The  ol- 
ck  Indians  of  the  Pacitic  sloi^?,  though  their  lips  are  tliick  and 
oses  flat,  have  lajik  and  not  woolly  hair,  Fitj.  275,  page  676.  On 
^tic  shore,  as  ia  well  known,  the  temperature,  in  passing  to  lower 
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fcoiTespomla  to  tlie  latitude ;  but  from  tlus  point,  passing  to  the  east,  the 
Brazilio-Gnarani  are  darker  as  we  approach  the  Atlantic  Ocean.  It  may 
witli  truth  be  said  that  the  Intervention  of  the  Gull*  of  Mexico  and  Ca- 
ribbean Sea  has  lightened  the  complexion  of  tho  aboriginal  tribes  of 

LKorth  and  South  America. 

I     Li  the  last  place,  we  niav  consider,  in  like  manner,  tho  Aincan  races. 

PThese  arc,  as  we  should  ex|K;ct  from  tho  high  temperature  y  .  ,  j^ 
of  timt  continent,  all  dark,  j*et  not  equally  so,  for  tlic  loiters  pn»»cd  oa  iba 

.toward  the  Jloditerrancan  fihorc,  and  the  llottentots  and  Kaf-  ■*^""''  ""*• 
Bra  adjacent  to  the  Cape  of  Good  Hope,  aro  of  a  lighter  hue.  In  this 
nsa  we  ought  also  to  enumerate,  as  an  example  of  no  common  interest, 
[le  native  lCgy|>tians,  wlio  are,  perhaps,  tlie  lightest  of  all.  It  does  not 
ppcar  that  there  baa  been  any  marked  change  in  the  complexion  of  the 
aboriginal  Egyptian  for  the  last  three  thousand  years,  so  far  as  can  be 
^adgcd  from  a  comparison  of  the  descriptions  and  paintings  ^vhicli  have 
iesccndcd  to  our  times,  with  the  existing  Copts.  Leaving  the  5Iediter- 
rancan  shore,  and  advancing  to  the  south,  we  pass  through  bands  of  pop- 
ulation sensibly  becoming  djwkcr,  save  where  a  disturbance  arises  by  rea- 
son of  the  elevation  of  the  mountain  ranges.     On  the  north  of  the  cqnsk- 

Itor  tlie  negro  land  is  not  reached  until  we  arc  within  10°  lati-  mo  negro 

"tude.    The  true  negro  occupies  a  zone  crossing  through  the  con-  ""*• 
tinent  west  and  cast.     If  our  examination  be  made  meridionally,  in  the 

hnanner  just  supposed,  but  along  the  Ked  Sea  coast,  the  complexion  of 

^he  inhabitants  is  observed  to  darken  through  Upper  Eg)*pt  and  in  Abys- 
synuu  Of  this  countrj'  it  is  interesting  to  remark  that  it  still  retains  the 
Christian  faith  as  delivered  to  it  in  tlie  remotest  times  of  the  Church. 

The  portrait  of  an  Abyssinian,  rio-irr. 

F'iQ,  27G,  liom  M.  d'Abbadic,  shows 


Abprinlan.  Ka)tr«  of  MftdaeuKar, 

I  adtnLxturc  of  the  Arab  lineaments,  though  tliere  is  no  reason  to  suppose 

Go 


ri 


578 


AFRICANS. 


llmt  lliis  is  Jue  to  tlio  admixture  of  Arab  blood.  Of  thr  two  cUsmle 
of  Abjssliiiane,  tliose  who  inhabit  the  more  southerly  parts  have  a  coim- 
lenaiico  much  more  approaching  to  the  negro.  They  are,  indeed,  au  in- 
trusive race,  who  contiuered  in  more  recent  times  the  regions  in  whidi 
ihey  are  settled.  It  is  f^aid  that  tlic  Amharie,  tlie  language  of  ibe  tnc 
AbvBsinians,  is  singularly  analogous  to  the  Ilebrc\r. 

As  rcdcmbling  the  AbvBsinians  in  many  re^peclis  though  on  llie  n]:- 
positc  side  of  the  e<]uator,  may  be  mentioned  the  ruttivcs  of  Madagascu, 
/^7(/.277,  p.  577.  iV'senting,  in  some  partictdars,  tlic  traces  orAimbin- 
flucnce,  it  bns  nevertheless  been  inferred,  partly  from  (heir  bingiwge  ard 
]Mirtly  from  their  features,  that  the  most  numerous  class  is  of  ^lalay  ori- 
gin. Though  among  tlic  inferior  tribes  there  arc  some  wliiclv  are  bUcfc, 
ibe  complexion  of  tliis  is  olive,  and  the  hair  is  not  woolly,  lliongh  it 
curls. 

It  should  be  constantly  borne  in  mind  that  the  resemblance  of  fcatarea 
Kvidvin-rt  rnim  13  no  proof  of  u  community  of  origin.  The  influence  of  cli- 
'^ntralmn  mate  and  of  manner  of  lile  is  so  great  that  in  a  due  pcri&tl 
ond  languMffo.  of  time  tlic  most  diverse  tribes  will  show  i^^imilar  lineanicms. 
Analogy  in  tlic  structure  of  languages  and  identity  in  vocabalary  is 
much  better  evidence,  though  even  tU'iA  must  be  rce*'ivcd  with  caution.  In 
reference  to  Ibis,  it  has  bccu  very  significantly  remarked  that  birds  ot'lbe 
>V-  >:»■  same  kind  sing  the  »ame  notes 

ill  all  countries,  oven  thougli 
under  such  circumstances  ns  to 
exclude  the  possibility  of  their 
having  been  taught  by  Iheir 
[Mirents. 

The  annexed  figure^  278.  is 
given  by  Pr.  Prirhard  ns  n 
specimen  of  the  natives  of  Mo- 
zambique. The  expression  ij 
undoubtedly  much  superior  to 
♦  ''.at  prevailing  on  the  West 
(rican  coast  Of  some  of 
I'ose  tribes  it  is  said  that  tlie 
Vntxwt  nnir>nui,-.:fi>..--  li;ur  is  HOt  wooUy,  but  merely 

frizzled.     It  grows  long,  and  hangs  in  slender  curls, 

Kxamining  the  zone  designated  as  negro  land,  we  find  tliat  the  negro 
Amelioniiion  character  of  its  inhabitants  is  not  in  all  parts  developed  with 
"rpewTS*"  cq"*il  intensity.  The  maximum  is  shown  in  the  Goisea 
•*»t-  countries,  and  from  thcnee  across  the  continent  to  the  cast 

the  |)liyslognomy  improves.     The  nejjro  cliarac (eristics  may  be  specified 
as  intense  blackness  of  the  skin,  woolly  hair,  thick  lips,  gnping  nostriUt 
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rty.iT9.  and  a  prognatlious  skuIL     Bnt  tlie  negro 

ni^jiect  is  not  Hinitcd  to  tlio  African  con- 
tinent ;  it  is  prolonged  or  projected  tItrougU 
the  Indian  into  tlic  Pacific  Ocean,  north 
niid  Roiitli  of  tlie  equator,  in  a  zone  ot'many 
ilfgTces.  Sumalm,  liomeo,  Celcliea,  New 
Guinea,  and  part  of  Australia,  lie  in  tUis 
;^one.  In  these  various  countries,  one  or 
anotlier  of  the  characteristics  we  Iiavc  men- 
tioned predominate,  in  part  throngli  tlic  Jn- 
tluence  of  climate,  and  in  part  throngh  ad- 
mixture of  blood.  In  some  of  these  people 
the  hair  is  not  Tvoolly ;  lu  some,  tlio  lips 
nre  thin,  and  the  noso  projecting ;  in  some, 
NeBTOofOuUiM.  (Ijp  (qy^^  of  thc  skuU  indicates  a  grwit  su- 

periority over  the  West  African  tribes.  But,  wliatever  these  modifica- 
tions maj  be,  the  black  races  of  the  Pacific  present  in  their  gcnorul  ap- 
pearance so  predominating  a  neirro  aa- 
l>cct  tliat  they  have  by  all  travelers 
lx:en  classcil  with  that  tribe.  Of  ono 
of  these  nations,  Dainpier,  the  early 
navigator,  speaks  as  **■  shock,  eurl-pa- 
ted,  ^c\v  Guinea  negroes."  Thc  por- 
trait, /"'iff.  280,  from  Choria's  Voyage 
Pittorcsquc,  of  a  girl  of  thc  ii^land  of 
Luzon,  one  of  the  Philippines,  may  il- 
lustrate this  remark;  for,  though  the 
torm  of  thc  head  shoirs  a  very  great 
.■xdvancc  upon  that  of  thc  Guinea  ne- 
gro, the  facial  angle,  rcs|>ccting  which 
more  will  sliortly  be  said,  being  much 
larger,  and  the  relative  size  of  the 
brain  therefore  increased,  thc  counte- 
nance is  essentially  that  of  tropical 
Africa. 
The  projection  of  the  African  type  into  the  Pacific  is  crossed  at  a  cer- 
tain point  by  a  like  projection  of  thc  dark  Asiatic  typo,  and  y„ri«ii<.nii  Jm- 
in  tlic  region  of  this  intersection  or  commingling  we  find  the  r-n-i^J  "«  iU« 
most  degraded  specimens  of  humanity.  "*^"^  '*^ 

Krom  these  regions,  as  we  pass  castwardly  fownnl  the  American  con- 
tinent, the  improvement  becomes  very  striking;  thus  the  AtwHoriilonof 
natives  of  the  Society  Islands,  thougli  living  within  the  tho  i'ciiu:i-ii» 
tropic,  are  of  a  clear  oli^'e  or  brunette.     In  the  opinion  of  *>P* '«*'•■*" 
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some,  if  it  were  not  for  a  slight  ihicknesa  of  the  lips  And  sprcadiiig  d 
the  nostrilij,  tlie  countenance  would  bo  Euroi>e^n,  The  men  are  (l^ 
scribed  as  *'  tall,  strong,  wcU-limbed,  and  finely  shaped."  Many  of  tl;fi 
cliildrcn  liavc  iloxeii  hair ;  and  sailors,  who  are  generally  coni]>etcnt 
judges  of  such  matters,  universally  yield  a  tribute  of  admiration  1o  the 
prettinesd  of  the  women.  Captain  Bligh  attributed  the  mutiny  in  bis 
ship  to  tiiut  interesting  cause. 

We  may  next  consider  variations  in  the  fonn  of  the  skeleton* 

Uerc,  more  particularly  in  the  classification  of  the  forms  of  ekolls,  I 
CumporUon  adopt  tlie  division  introduced  by  Dr.  rrieliard,  from;  whose 
of»k«lctou«.  Tvork,  above  alluded  to,  the  following  p«asage»  are  extracted: 

**In  all  other  races,  compared  with  Europeans,  the  limbs  are  more 
crooked  and  badly  formed.  In  the  negro  the  bones  of  tI>o  leg  tat 
bent  outward.  Soemmering  and  Lawrenec  have  observed  tli.it 
the  tibia  and  fibula  in  the  negro  are  more  convex  in  front  than  in  Eu- 
ropeans ;  the  calves  of  the  legs  arc  very  high,  so  as  to  encroach  upon  the 
Iinms  ;  the  feet  and  hands,  but  particuUrly  the  former,  are  flat ;  the  cs 
calcis,  instead  of  being  arched,  is  continued  nearly  in  a  straight  line  witli 
the  otiier  bones  of  the  foot,  wliich  is  remarkably  broad.^ 

"It  was  obscrred  by  White,  and  has  been  generally  believed,  tliat 
the  length  of  the  forearm  Is  so  much  greater  in  the  negro  thui 
ill  the  European  as  to  constitute  a  real  approximation  to  the 
eliaracter  of  the  ape.  Facts,  however,  prove  but  a  rery  slight  difference. 
and  by  no  moans  greater  than  the  vai'icties  which  &re  every  day  to  be 
observed  on  comparing  many  individuals  of  any  race  or  nation.  On  the 
other  liond,  the  diiference  between  adult  apes  and  men  in  the  length  of 
the  extremities  is  so  great  as  to  rcndta-  nil  such  comparisons  very  remote, 
and  of  very  doubtful  importance  with  respect  to  any  ulterior  conclu:jion. 
According  to  Jlr.  Owen,  the  anns  of  the  orang  reach  to  the  heel,  or  at 
least  to  tlie  ankle-joint,  while  in  iJie  chimpanzee,  or  troglod^-te,  they  ex- 
tend below  the  knee-joint.  This  is  a  most  decided  and  widely-marked  dif- 
ference between  the  most  anthropoid  apes  and  the  uncultivated  races  of 
men.  Yet  even  the  slightest  approach  to  the  former  shape  would  he  a 
curious  circumstance ;  if  it  could  be  fully  established,  it  would  (end,  with 
other  facts,  to  imply  that  tlie  savage  races  of  mankind  have  somewhat 
more  of  the  animal,  even  in  their  physical  conformation,  than  the  more 
ctdtivaled  races,  or  tliose  whose  improvement  by  civilization  may  be 
dated  from  a  very  remote  era  in  the  history  of  the  world." 

*'It  has  been  a  general  opinion,  since  the  time  of  Soemmering,  that 

Thaforamm     *^*'^  ^^ca^  of  the  negro  is  placed  so  much  farther  backward  on 

in«(jtitimofthe  the  vcrtebrol  column  as  to  occasion  a  material  difTerence  in 

the  figure  of  the  wliolc  body.     It  was  observed  by  Danbcn' 

ton  that  the  foramen  mngnum  is  placed  in  quadrupeds  behind  the  centre 
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of  gravity*  whence  an  important  difference  arises  in  the  relative  position 
of  the  head  and  trunk  in  man  and  in  inferior  animals.  The  extent  of 
this  difference,  when  tlio  human  skeleton  is  compared  with  that  of  the 
simia*,  has  been  most  fully  made  known  by  llr,  Owen,  who  has  shown 
that  it  13  much  greater  in  respect  to  the  adult  ape  than  it  has  liitherto 
been  supposed.  But  there'  is,  in  reality,  no  difference  in  human  races. 
The  foramen  magnum  is  only  posterior  In  the  negro  skull  to  its  place 
in  the  European,  in  consequence  of  the  projection  of  the  upper  jaw,  par- 
tiexUarly  of  the  alveolar  process.'* 

In  illustration  of  the  statement  of  Sir.  Owen  respecting  the  relative 

length  of  the  arm  in  man 
and  in  the  more  antlu'opotd 
apes,  I  givo  the  annexed 
photograph.  Fig.  2S1,  of 
the  human  skeleton  and 
tlioac  of  the  chimpanzee 
and  orang.  Of  the  chim- 
]>aii:tee  it  should  be  ob- 
served tlmt  the  specimen 
was  young.  They  are  all 
brought  nearly  to  the  samo 
sizo  by  adjusting  the  dis- 
tances at  wliich  they  were 
taken.  TJic  human  akele- 
ton  was  that  of  a  man  more 
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BlUletiia  of  man,  olilRipknsec,  «nil  wrang. 

tlian  six  feet  in  height. 

There  are  four  different  views  from  wliich  an  cxaminalion  _         .     . 

Four  nioriQi  ef 

of  the  skull  of  man  and  animals  may  be  made :  1st.  Tlie  lat-  examining  Um 
cral ;  2d.  TIic  vertical ;  3d.  The  basilar ;  4th.  The  front.         '*'""• 

Ist,  The  lateral  view,  or  Camper's  method,  is  thua  described  by  tlio 
snatomist  who  introduced  it,  and  wliose  name  it  bears. 

**Tho  basis  on  which  n  distinction  of  nations  is  founded  may  be  dis- 
played by  two  straight  lines,  one  of  which  is  to  be  drawn  _.    ,       . 
through  the  meatus  auditorins  to  the  base  of  the  nose  and  view,  or  c«n>- 
Iho  other  touching  the  prominent  centre  of  the  forehead,  and  •*"'  ««w»«L 
falling  thence  on  the  most  advancing  part  of  the  nppcr  jaw-bone,  tlic 
head  being  viewed  in  profile.     In  tlie  angle  produced  by  these  two  lines 

I  may  be  said  to  consist  not  only  the  distinctions  between  tlie  skulls  of 
the  several  species  of  animals,  but  also  those  which  arc  found  to  exist 
between  different  nations;  and  it  might  be  concluded  that  Nature  has 
availed  herself,  at  the  same  time,  of  this  angle  to  mark  out  the  diversi- 
ties of  the  animal  kuigdom,  and  to  cstablisli  a  sort  of  scale  from  the  in- 
ferior tribes  up  to  the  most  beautiful  forms  which  ore  found  in  the  human 
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fipccics.  Tlius  it  -mW  be  found  that  the  heads  of  birUa  display  the  sm&Il* 
est  angle,  and  tliat  it  aln*ays  becomes  of  greater  extent  in  proportloD  %i 
tiie  animal  approaches  more  nearly  the  Imnuin  tigure.  Thus  tbene  is 
one  species  of  the  ape  tribe  in  wliicli  tlio  Iicad  has  a  facial  angle  of  forty- 
two  degrees ;  in  another,  of  the  same  family,  which  is  one  of  those  simiio 
most  approximating  in  figure  to  mankind,  the  facial  angle  contains  ex- 
actly fii\y  degrees.  Next  to  this  is  the  bead  of  the  African  negro,  which, 
as  well  OS  that  of  the  Kalmuck,  forms  an  angle  of  seventy  degrees^  wliile 
the  angle  discovered  in  the  heads  of  Europeans  contauis  ci^ity  degrees 
On  this  diflereiico  of  ten  degrees  in  the  facial  angle  llie  superior  bcauty 
of  tlie  European  depends ;  Aviiilc  tliat  character  of  sublime  beauty,  whidi 
is  BO  striking  in  some  works  of  ancient  statuary,  as  in  the  head  of  Apollo 
and  in  the  liledusa  of  Sisoclea,  is  given  by  an  angle  which  amounts  to 
one  hundred  degrees," 

Ab  ilJuslratioiis  of  this  view,  tlie  subjoined  profiles  of  the  skull  of  tb« 
£uro|}can,  ^/y,  282,  the  negro,  /7y.  2^3,  the  chimpanzee,  J^'ig,  284,  and 
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the  orang,  /7^.  285,  arc  givOT- 


TStgn- 
Of  the  latter,  which,  of  apes,  are  among 
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those  most  closely  approaching  to  man, 
the  chimpanzee  is  a  native  of  tropical 
Africa,  and  the  orang  of  the  Indian 
Archi|X!lAgo. 

2d.  The  vertical  new,  or  Blumenbacb's  method. 
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•*  BluTiM^nbach  gives  tlie  following  account  of  the  vray  of  tlcscribiitg 
licads,  which,  be  says,  is  tlie  result  of  Ins  own  observations  The  Twikal 
in  a  long  and  constant  study  of  his  collections  of  the  skulls  Jil^nt'Jc'i,'!?''*' 
of  dilfcrcnt  nations :  He  remarks  that  the  connmrison  of  the  method, 
breadth  of  the  head,  parlicolnrly  of  the  vertex,  points  out  the  principal 
and  most  strongly-marked  ditfercnccs  in  the  general  configuration  of  the 
cranium.  He  adds  that  tlic  whole  cranium  is  susceptible  of  so  many  va- 
rieties in  its  fonn,  the  i>arts  which  contribute  more  or  less  to  determine 
tlic  national  ctiaracter  disjtlaying  such  ditferent  proportions  ond  direc- 
tions, that  it  is  impossible  to  subject  all  these  diversities  to  the  measure- 
ment of  any  lines  or  angles.  In  comparing  and  arranging  skulls  accord- 
ing to  the  varieties  in  their  shape,  it  13  preferable  to  survey  tiicm  in  that 
method  which  presents  at  one  view  the  greatest  numl^er  of  characteristic 
peculiarities.  *TIie  best  way  of  obtaining  this  end  is  to  place  n  scries 
of  akulU  with  tlie  cheek-bones  on  the  same  horizontal  line,  resting  on  the 
lower  jaws,  aiid  then,  viewing  them  from  behind,  and  fixing  the  eye  on 
the  vertex  of  each,  to  murk  all  tlic  varieties  in  tlie  sha|)e  of  parts  that 
contribute  most  to  the  national  chiiracter,  whether  tlicy  eonsi.st  in  the  di- 
rection of  the  mftxillary  and  malar  bones,  in  the  breadth  or  narrowness 
of  the  oval  figure  presented  by  the  vertex,  or  in  iho  flattened  or  vaulted 

rrm  of  the  frontal  bone.' " 
By  tins  means  of  comparison  Blumenboch  obtains  n  division  of  skulls 
into  three  classes,  the  Caucasian,  Mongol,  and  Negro.  Thoy  arr  rt'prc- 
sented  in  Fiff.  286,  Fiff.  287,  /Vy.  2«8,  and  Dr.  Prichnrd  has  added  to 
these  figures  Fi'ff.  2H9,  the  artificially  elongated  skull  of  an  ancient  Pe- 
ruvian, from  the  burial-places  of  Tilicaca. 


I 
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.  The  basilar  view,  or  Owen's  method. 

No  single  view  of  the  skull  dctennincs  so  mudi  in  regard  to  its  gen- 
confignralioit  as  tliat  of  the  basis.     The  importance  of  7>,„i^(i„ 
manner  of  examining  tin-  lx)ny  structure  of  the  bend  virw.nrOweo'i 
been  demonstrated  in  the  fullest  manner  by  Mr.  Owen,  "" 
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in  hia  excellent  memoir  on  the  struo-  „ 

ture  of  the  omng  and  chimpanzee. 

The  relative  proportions  and  extent,  and  the  peculiarities  of  form&tioD 

of  tlic  different  parts  of  the  eranium,  an^  more  fully  discovered  by  thii 

mode  of  coni|>arison,  which  has  liitbcrto  been  much  neglected,  than  by 

any  other  method." 

Fip;SOft 
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**Tt  may  be  obscrvetl,  in  this  view  of  the  cranium,  that  the  antero- 
posterior diameter  of  the  basis  of  the  skull  is  in  the  orang  vQTy  mndi 
larger  than  in  man.  The  nio»t  striking  circumstance  whicli  displays 
this  difference  is  the  situation  occupied  by  the  zygomatic  arch  in  the 
phuie  of  the  basis  of  the  skull.  In  all  races  of  men,  and  even  in  human 
idiots,  the  entire  zygoma  is  included  in  the  anterior  half  of  the  basis  era- 
nil ;  in  the  head  of  the  adult  troglodyte,  or  chimpanzeCt  as  well  as  in  that 
of  tlie  satj-r,  or  orang,  the  zygoma  is  situated  in  the  middle  region  of  the 
skull,  and  in  the  luisis  occupies  just  one  third  part  of  the  entire  length 
of  its  diameter.  Posterior  to  tlic  zygomata,  the  |>etroua  portions  havC) 
in  the  simia:,  a  larger  development  in  the  antcio-posterior  direction. 


THE  rjtoyr  vieu',  or  PRicnAiiD's  method. 
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Another  most  remarkable  character,  in  respect  to  which  those  anatomists 
Imvc  been  greatly  deceived  who  compared  only  young  troglodytes  with 
man,  is  the  great  occipital  foramen,  a  feature  most  important  as  to  the 
general  clmracter  of  structure  and  to  the  Imbits  of  the  whole  being. 
Tliis  foramen,  in  the  human  head,  ia  very  near  the  middle  of  the  basis 
of  the  skull,  or,  rather,  it  is  situated  immediately  behind  the  middle 
tmnsvcrse  diameter,  while  in  the  adult  chimpanzee  it  ia  placed  in  the 
middle  of  tlie  posterior  tliird  of  the  basis  cranii.  A  tliird  characteristic 
in  the  ape  is  the  greater  size  and  development  of  the  bony  ^>atate,  in  con- 
scqaencc  of  which  the  teeth  are  much  larger  and  more  spread,  and  want 
that  continuity  which  is,  generally  speaking,  a  characteristic  of  man;  and 
intervals  between  the  laniary,  cutting,  and  bicuspid  teeth  admit,  as  in 
the  lower  tribes  of  animals,  the  apices  of  teeth  bcdonging  to  the  opposite 
jaws.  Fourthly,  the  basis  of  the  skull  is  flat,  owing  to  the  want  of  that 
downward  development  of  tlic  brain,  and  of  the  bony  case  connected  with 
the  greater  dimension  which  the  cerebral  organ  acquires  in  the  human 
being  compared  with  the  Inwer  tribes," 
4.  The  front  view,  or  I'rlchard's  method. 

"Neither  the  facial  angle  of  Camper,  nor  the  method  of  viewing  the 
sknll  proposed  by  Blumcnbach,  aifonls  a  satisfactory  display  -rhpiyom^iew 
of  the  characteristics  of  the  pyramidal  or  lozenge-faced  skull."  w  rrfchard'* 
"In  J'uj.  292,  which  is  the  drawing  of  the  skull  of  an  ""'^'****- 

Ksquimaux,  the  lines  dra'wn  from  the 
zygomatic  oreh,  toucliing  tlic  temples, 
meeting  over  the  forehead,  form  with 
tlie  basis  n  triangular  figure  These 
two  lines  in  well- formed  European 
heads  arc  parallel,  the  forehead  l»eing 
very  much  broader  than  in  the  heads 
of  Esquimaux,  and  other  races  whose 
skulls  hi'long  to  the  same  great  division 
of  human  crania,  among  whom  arc  the 
Mongolians, and  other  nomadic  nations 
of  Xorthcrn  Asia.  The  most  striking 
ciiaraeteristic  of  these  skulls  is  the  great 
i:«iuim«iij(.  hiteral  or  ontwani  projection  of  the  zyg- 

omatic arch.  The  cheek-lwnes,  rising  from  under  the  middle  of  the  or- 
bit, do  not  project  forward  and  downward  under  the  eyes,  as  in  the  prog- 
nathous skull  of  the  negro,  but  take  a  direction  latendly  or  outward,  and 
torn  backward  to  meet  a  corresponding  projection  of  the  process  of  the 
temporal  bone,  and  form  with  it  a  large,  rounded  sweep  or  scgmcjit  of  a 
circle.  The  orbits  are  largo  and  deoj).  The  upper  part  of  tlic  face  being 
remarkably  plane  or  flat,  the  nose  flat,  and  the  nasal  bones,  as  well  as  the 


Fig.  in, 
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Space  between  the  oycbrows.  nearly  on  the  same  plane  with  the  che^- 
boncs,  the  triangular  ^jiuce  described  by  the  lines  (drawn  on  the  wood* 
cut)  may  bu  comjutred  tu  one  of  the  faces  of  a  pyramid.  The  whole  tict, 
instead  of  an  oval  form,  aa  in  most  Kuix^ieans  and  many  Atricans,  is  ol 
a  lozenge  ghapo." 

^*^Vnotlier  characteristic  in  m<»l  of  the  j>yriiniidal  skulU,  or,  rather,  in 
the  furm  of  the  I'aco  to  which  tliis  configuration  of  the  skull  gives  rise, 
is  the  apparently  angular  position  of  the  aperture  of  the  eyelids.  Tlierc 
is  no  watit  of  i^iralleiism  in  tlie  orbits,  or,  rather,  of  coincidence  in  tLo 
transversa  sections  of  the  orbital  cavities.  The  obliquity  consists  in 
the  structure  of  tho  lids  themselves;  the  skin,  being  tightly  drawn  over 
the  large  protuberance  of  the  malar  bone,  under  tlic  outer  angle  of  the 
eye,  and  at  tlie  inner  extremity  smootldy  extended  over  the  lower  nasal 
bones,  while  the  bridge  of  the  nose  is  scarcely  elevated  abo\-e  the  plane 
of  tlic  suborbital  spaces,  gives  to  the  eye  the  ap|>earancc  of  being  ^oed 
with  tlic  inner  angle  downward." 

*'T!;c  oval  or  elliptical  form  is  that  of  Europeans,  and  the  sootl 
Asiatics  who  resemble  lliem  ;  the  zygomatic  bones  and  the  jaws 
Icsfl  protuberant,  tho  entire  outHnc  of  the  head,  viewed  from  above,  has 
no  projecting  angular  parts,  and  is  defininl  by  an  oval  circumference  Ihit 
in  that  oval  figure,  or  rather  ellipse^  the  two  duimcters  xnry  considera- 
bly in  proportion;  in  other  words,  some  nations  have  rounder,  others  oiora 
elongated  heads.  TIic  shape  of  the  brain,  and  of  the  skull  at  its  basis, 
is  in  the  ronnder  heads  more  like  that  of  tho  p^Tamidal  skull,  or  tho 
cranium  of  the  northern  Asiatics;  in  the  narrower  heads  it  approaches 
the  figure  of  tho  elongated,  or  negro  head." 

"We  may  therefore  conveniently  classify  skulls  in  three  divisions: 

1st.  The  prognathous,  which  is  represented  in  /wy.  293,  being  the 
CiMaiacattoa  skull  of  A  negro  of  very  forbidding  aspect.  Tins  fonn  is 
of  AkuUs.  marked  by  a  forward  projection  of  the  jaws,  the  brain  being 
therefore,  as  it  were,  thrown  backward  as  respects  tho  face,  the  forehead 
being  more  horizontal  and  low. 

2d.  The  pyramidal,  J^iff.  202,  which  gives  rise,  as  has  been  staled 
above,  to  the  lozcngc-slmpcd  face. 

3d.  Tho  elliptical  or  oval,  whicli,  viewed  from  above*  has  an  oii-al  con- 
lour  without  projecting  parts,  and  In  the  profile  shows  a  large  facial  an- 
gle, as  in  tho  Frcncli  skull,  /'Vy.  2S>4. 

These  forms  of  skull  seem  to  be  connected  very  closely  with  habits 
Conn^ciioD  of  of  life :  the  prognathous  with  tlie  savage  stale,  or  that  of 
ihc  »kuirMil  hunting;  tlic  pyramidal  with  a  wandering  postorallife;  and 
manner  of  li^  the  cJIIptical  with  that  of  civilization. 

AVith  respect  to  the  form  of  tlio  pelvis  in  different  nations,  tho  varia- 
tions ore  by  no  means  so  signilicant  as  in  tho  case  of  the  cniniuni,  inos* 
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mudi  83  tlicy  are  of  uidiacrimiiiate  oc- 
cturexice.  It  may  perhaps  be  nmiiitaincd  in  a  general  way,  -n,  _^ ., 
that  in  the  less  advanced  tribes,  as  in  the  female  Hottentot, 
tjierc  is  an  approximation  to  the  ionn  exhibited  by  the  simire,  the  iliac 
Lones  being  more  vertical,  and  tlic  whole  structure  cliaractciizcd  by  its 
length  and  narrowness.  I'rofeasor  AVcber,  wlio  has  examined  liiia  sub- 
ject witli  CJirc,  concludes  tltat  uu  particular  figure  of  the  pelvis  is  a  char- 
acteristic of  any  one  race. 

The  remarks  wliicli  have  been  made  respecting  variations  of  complex- 
ion, as  exhibited  in  different  climates,  might  ahnost  bo  r&-  Thrphv»ic»i 
peated  as  respects  variations  of  the  form  of  the  skull,  origi-  .n"  n^j[I'u,V* 
natiiig  in  diflerciicc  of  physical  circumstancci<;  for  as  the  Bl^uil- 
complexion  varies  in  ditierciit  temperatures,  so  does  the  figure  of  the 
ftkull  in  different  social  conditions.  The  elliptical  skull,  wluch  beyond 
all  doubt  is  that  which  belongs  to  man  in  his  most  civilized  stale,  may 
be  deteriorated  and  doip-adcd  even  to  the  lowest  prognatlious  form. 
Want  and  squalid  mij^cry  will  produce  this  result  Igno-  luiicgrtuiiition 
nmce^  mere  animal  life,  social  degradation,  lead  to  its  ap-  ^J"  ""i- 
proach  in  varied  degrees.  Even  in  the  large  EurojMjan  cities  we  recog- 
nize the  incipient  stages  of  it  in  those  classes  who  follow  n  pn-carious 
life — the  projecting  jaw,  the  retreating  forehead,  the  moutli  habitually 
open,  or  the  lips  parted  so  as  to  show  the  tectlu  3Ir.  Tliackrali,  in  hid 
I  work  on  the  Effects  of  .Vrts,  TnidcA,  etc.,  on  Health  and  Longevity,  says, 
b  "  I  stood  in  Oxford  Road,  Mancliestcr,  and  obscrvc<l  the  stream  of  0[)cr- 
ativcfl  as  they  letl  the  milU  at  twelve  o'clock.  The  children  were  almost 
universally  ill-looking,  small,  sickly,  barefoot,  and  ill-dad.  Slajiy  cy?- 
peared  to  be  no  older  than  seven.  The  men,  generally  iiom  sixteen  to 
twenty-four,  and  none  aged,  were  almost  as  pallid  and  thin  as  the  cliil- 
dxen.  The  women  were  tlic  most  resjiectable  in  appearance,  but  I  saw 
no  fresh,  fine-looking  individuals  among  them.     Here  I  saw,  or  thought 

II  saw,  a  degenerate  race — Imman  beinga  stunted,  enfeebled,  depraved." 
Under  tlic  opposite  circumstances,  where  life  is  maintained  in  indolence 
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and  plenty,  the  converse  effects  may  take  place.  Of  this,  perhaps  llie 
lixreciiricatioa  ^o^t  Striking  illustration  is  tliat  pointed  oat  by  Dr.  Prichird 
hy  luxury.  of  the  loss  of  llie  p^Tttinidal  form  of  skull  by  the  European 
Turks,  a  form  which  appertained  to  their  ^Vsiatic  ancestors,  and  the  aa- 
suniption  of  the  elhptical,  ihe  skull  not  of  a  vrandcring,  but  of  a  station- 
ary and  civilized  race.  Nor  has  this  transmutation  taken  place  in  them, 
in  the  short  period  since  they  mode  their  Kuropcan  conquest,  because  of 
the  inHucnce  exercised  by  the  Circassian  and  Georgian  women  intro- 
duced into  tlieir  harems,  for  this  has  been  u[>on  too  small  n  scale  to  pro- 
duco  sudi  a  general  result,  and  is  a  luxury  which  can  only  be  indulged 
in  by  the  wealtliier  clas-acs. 

As  a  descent  is  made  to  the  skull  of  tlie  prognathous  form,  the  codn- 
C«nirB>t  be-  tcimneo  loses  thoso  features  which  we  regard  as  being  leou- 
Mthous'LK*  ^»*''^»  '^^^  assumes  a  baser  cast.  When  it  has  reached  tl« 
lijiUoit  skuiu.  limit  in  tiiot  direction,  it  is  actually  hideous,  recalling  it 
once  the  dctcstablo  aspect  of  the  ape.  In  this  state,  in  tbe  tropical  cli- 
mates, the  lips  arc  thick,  tlic  hair  woolly,  the  nostrils  gaping.  The  in- 
tellectual powcTs  ore  correspondingly  depressed  ;  the  dullness  of  theeyc» 
its  porcelain-like  sclerotic  contrasting  with  Ihc  blackness  of  ihc  skin,  is 
in  correspondence  with  the  low  and  degraded  mental  i>owcr.  On  the 
contrary,  when  the  passage  is  raado  toward  the  elliptical  fonn,  the  «ra»- 
tenance  becomes  more  beautiful  and  interesting,  capable  of  expressing  the 
most  refined  mental  emotions.  The  eyes,  in  on  indcserlbatle  but  sig- 
nificant manner,  manifest  the  exalted  powers  of  tlic  mind,  and  the  hpi 
are  c(^posGd  or  compresaed. 

If  I  am  not  mistaken,  darkness  of  the  skin  and  a  pro^athoiis  form  of 
Mftiff  ill  which  skull  may  be  dependent  in  the  dark  tribes  on  the  same  cir- 
dnrk'^rtiipUix-  cumstancc  Functionally  the  liver  is  in  connection  witli  the 
too-  calorifucient  apparatus,  its  secretion,  the  bile,  as  shown  la 

Chapter  XI.,  coinciding  in  Imbiludes  witli  a  hydrocarbon.  Much  of  it 
is  tl»creforo  reabsorbed,  and  eventually  devoted  for  the  support  of  a  high 
temperature.  But,  besides  this  combustible  material,  the  bile  likewise 
contains  a  coloring  matter,  which  is  in  all  respects  an  efiete  body,  and 
useless  to  the  system.  This  pigment  is  derived  from  the  blood-discs, 
or,  rather,  from  their  ha^matin,  as  is  proved  by  the  fact  tliat  it  occnra  to 
the  meconium  of  the  new-born  infant,  and  likewise,  like  ha?malin,  it  is 
rich  in  iron.  Its  source  is,  thtTefore,  not  immediately  from  the  food. 
To  remove  this  useless  material  is  thus  ono  of  the  primary  functions  of 
the  liver. 

Now  there  is  no  organ  which  is  more  quickly  disturbed  in  its  duty  by 
InAui'Dcvnrtbe  a  liigli  temperature  than  the  liver.  Whether  such  a  high 
HreTMi  iho"  temperature  produces  its  effect  through  a  disturbance  of  the 
conplixtoB.      oction  of  the  lungs,  or  through  an  impression  on  the  skin,  is 
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qaitc  imniaterlal.     If  the  organ  be  in  any  manner  enfecLlcd  in  its  duty, 
'and  no  other  avenue  ia  open  tlirough  whidi  the  degenerating  ha<matin 
I  may  escape,  it  must  accumulate  in  the  circulation,  and  bo  dqwsited  here 
and  there  in  suitable  places.     Under  such  circnm stances,  there  arises  a 
'tendency  for  its  accumulation  in  a  temporary  manner  in  the  lower  and 
more  ppherical  cells  of  tlie  cuticle,  trom  which  it  is  rcmovetl  by  their 
'gradoal  exuviation  and  destruction  as  they  become  supcrfictaL     The 
teniiwrary  deposit  of  the  coloring  matter  in  tliis  situation  imparts  to  the 
ekui  a  shade  more  or  less  deep.     It  may  amount  to  a  perfect  bkckness ; 
for  the  origin  of  the  black  pigment  of  the  negro  ia  the  same  as  Thoccilororiiie 
that  of  the  black  picment  of  the  eve  in  all  races,  and  the  pre-  "'''"  ''"riv«.i 
dominating  percentage  or  iron  it  presents  plainly  lictrajs  ,uaiiu  of  Uw 
that  it  arises  from  a  degenerating  htematin,  in  which  the  ^^°^ 
BAme  metal  abounds. 

I  believe,  therefore,  that  the  coloration  of  the  skin,  wliatcvcr  the  par- 
'ticular  tint  may  be,  tawny-ycllow,  olivc-rcd,  or  black,  is  connected  with 
the  manner  in  which  the  liver  is  discharging  its  iunction.  That  de- 
posits of  block  pigment  can  normally  arise  in  the  way  of  a  true  secretion 
'ly  cell  action  u  satisfactorily  proved  by  their  occurrence  in  angtdar  and 
tamified  patches  in  the  skin  of  sach  animals  as  the  frog ;  and  that  hn> 
matin,  ill  its  degeneration,  may  give  rise  to  many  diO'erent  tints,  is  sub- 
fifantiated  by  the  colors  exhibited  by  ecchjTnoses. 

m    It  is  not  to  bo  forgotten  tliat  coloration  of  the  skin,  though  apparently 
^lersistent,  ia  tending  continually  to  a  removal,  because  of  Contuntro- 
tho  oxidation  wliich  is  taking  place  as  the  pigment  cells  ap-  ^fj'of'uie 
proach  the  surtace  of  the  cuticle  in  their  process  of  desquama-  •Wn. 
tion ;  but  as  this  goes  on,  new  cells  and  new  pigment  are  jieriictually 
forming  iHiueath,  to  undergo  destruction  in  their  turn.     Under  this  jxiint 
of  view,  the  complexion  of  the  skin  is  an  index  of  the  energy  with  which 
that  tissue  is  addressing  itself  for  the  removal  of  metamorphosing  hos 
tnatin.    In  accompli sliing  this  removal,  the  liver,  in  the  fair  races  of  man- 
kind, exerts  a  sofiicient  activity ;  but  in  hot  climates,  the  habitation  of 
the  black  races,  either  through  a  diminished  power  of  that  gland,  or  be- 
cause of  an  increased  production  of  effete  pigment,  the  skin  has  to  lend 
its  aid,  and  the  degree  to  wljich  it  docs  this  is  betrayed  by  the  depth  of 
Its  hue. 

Having  thus  traced  the  coloration  of  the  skin  to  existing  pcculiontica 
^liqMtJc  action,  I  may  repeat  the  rcmai'k  already  made,  InfluenK  orth» 
Ihat  it  is  not  improbable  that,  in  the  most  degraded  negro  j;'"n"hlf!!w 
type,  the  prognathous  form  of  Iho  skull  may  be  attributed  tiie  »k»u, 
to  the  some  cause. 

Not  that  tliis  alone  is  always  the  cause,  for  a  prognathous  skull  can 
l)y  degreea  arise,  as  we  have  seen,  in  any  race,  even  the  white,  from  a 
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variety  of  causes,  ^uch  as  mUerr,  want,  or  an  oppressed  social  state.  It 
is,  however,  on  all  hands  admitted  that  nothing  so  quickly  disturbs  ttt 
brain  in  its  action  as  functional  disttirbance  of  the  liver.  If,  thrt> ugli  s 
partial  failure  in  tho  operation  of  that  great  gland,  the  products  wlitdiit 
should  normally  secrete  W^n  to  accumulate  in  tho  blood,  or  hare  to 
seek  new  channels  for  their  escape,  the  vigor  of  the  intellect  is  at  onoe 
impaired.  It  is  with  the  brain  as  it  is  with  any  other  organ,  a  dedlne 
in  its  activity  is  soon  followed  by  a  doterioralion  or  diminution  oCttt 
stnictuns  uiid  wc  must  not  forget  that  it  is  not  tlic  brain  which  accoift- 
modatos  itself  to  the  capacity  of  the  skull,  but  the  skull  which  accommo- 
dates itself  to  the  shape  and  size  of  the  brain.  WHiatcver  the  causes  miiy 
be,  and  of  course  they  arc  very  numerous,  whicli  lend  to  lessen  tlic  en- 
tiro  cerebral  mas&y  or  by  inequality  in  their  effect  produce  the  devck^ 
ment  of  one  part  with  the  con  tern  jwraneous  diminution  of  another,  liiey 
will  inevitably  give  rise  to  a  niodiHcation  in  tlie  figure  of  the  skoO; 
and  observation,  as  well  as  plirenological  considerations,  would  caus«  m 
to  anticipate  that,  if  the  effect  takes  place  in  such  a  way  as  to  involve  ^^M 
higher  powers  of  intellection,  the  skull,  answering  in  its  cliange  therw^ 
wilt  assume  the  prognathous  cast. 

From  wlmt  I  have  said  rcsjiccting  the  rclationslitp  of  different  nations 
Dciwiitarr  ***  '"^"'  *^  ^^^  ^^  gathered  that  the  peculiarities  on  wliich  tro 
truumiiMioR   have  been  dwelling,  the  complexion  and  form  of  the  skoil,  as 

\ar  o*.  (]epen,\c,jt  ypon  hepatic  action,  are  capable  of  hcrcditar)' trans- 
mission ;  for  Buch  a  modififd  glandular  action,  in  whatever  manner  it 
way  have  been  occasioned,  can  Ijc  propagated  in  tliat  way. 

In  these  remarks  it  will  be  perceived  that  I  have  mainly  had  in  viev 
iUM  rjrm  of  tluit  degradation  from  the  more  perfect  ^tandanl  of  man  which 
f^trom  low*  k^  ^  cnconnterctl  in  hot  climates,  and  wliicli  finds  its  expression 
Itemort.  in  A  blackness  of  the  skin  and  a  base  tbrm  of  tlie  skulL  Bat 
tlicre  is  likewise  a  white  degraded  form.  It  is  that  which  we  meet  iu 
tho  highest  latitiidcit,  and  it  is  tlierefore  dej>eudcnt  upon  climate,  that  is 
to  say,  temperature.  Here  no  sueli  tax  is  thrown  upon  the  skin  as  is 
tijc  case  in  the  torrid  zone,  but  here  the  intellccttuil  powers  are  greatly 
enfeebled,  if  for  no  other  reason,  at  least  because  of  the  hardships  und» 
which  life  must  be  maintained.  It  is  not,  therefore,  in  -very  high  or  very 
low  latitudes  tlmt  wc  should  expect  to  find  man  in  his  best  estate,  and 
this  ia  corroborated  by  the  history  of  all  races.  It  is  true  that,  by  iLq 
artificial  control  which  wc  have  obtained  over  temperature  by  the  aid  of 
clothing  and  improved  modes  of  slielter,  we  have,  in  some  deforce,  with- 
drawn ouraelves  from  the  absolute  dominion  of  clinmte;  but,  putting 
these  disturbances  of  civilization  aside,  and  looking  only  to  our  natural 
statc^  wo  shall  be  constrained  to  admit  that  the  man  of  maximum  intd- 
Icctual  capacity  is  of  a  faint  brown  hue.     Xor  was  it  through  any  acci- 
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dental  circumstance,  hut  Lecausc  of  physiological  conditions,  itaximam  of 
that  civilization  arose  in  K^yp'  ^^^  »"  tl»«  McBopotainiaii  j",1^2iBibro"rS 
countries.     It  was  for  a  like  jiliysiologicxil  reason  that  it  race*, 
spread  no^t  through  the  nations  on  tlic  nortli  shore  of  the  Mediterranean, 
and  never  spontaneously  originated  in  Arctic  EurojKJ  or  Tropical  Africa. 

Moreover,  it  must  be  observed  how  forciUy  the  doctrine  here  urged  of 
the  passage  of  niwi  from  one  complexion  to  anotlicr,  and  pi^pppanmce 
through  successive]y  different  forma  of  skull  in  tlic  conrse  of  '''^''"'  »*'i''*i'- 
ages.  IS  liuistrated  by  the  smguinr  circumstance  to  wlnuh  at-  „o-i  |mm>|.1«)  ia 
tcntion  has  of  late  years  been  directed,  of  the  giadual  disap-  *^""P«- 
pearance  of  the  i-cd-hairod  and  hlue-cyed  men  from  Europe.  I^ss  than 
two  thousand  years  .ngo,  the  Koman  authors  bear  tlicir  concurrent  testi- 
mony to  the  fact  that  the  inhabitants  of  Dntain,  Gaul,  and  a  largo  portion 
of  Germany  werc  of  that  kind.  But  no  one  would  accept  sucli  a  descriji- 
(iou  as  correct  in  our  times.  By  some  writers,  who  have  not  taken  en- 
lai^'d  physiological  views,  this  curious  circumstance  lias  been  attempted 
to  be  explained  on  the  hypothesis  of  a  more  prolific  jxiwcr  of  the  brown 
or  black  haired  and  darker  man.  Tliat  tliis  is  correct  not  a  shadow  of 
evidence  can  bo  offered.  The  supplanting  of  the  red  by  ihe  black  haired 
man  is  neitlicr  on  account  of  any  insidious  or  involuntarj*  extermination, 
nor  because  of  tlic  numerical  pressure  alluded  to.  The  true  ,.  .,.,. 
reason  is  that  the  rcd-haircd  man  has  liimself  been  slowly  a|>i>nn,iit  di*. 
cimnging  to  get  into  coiTcsjK>ndence  with  the  conditions  lliat  ''^'t""*""• 
have  been  inlroduccd  through  the  gradual  spread  of  civilization — condi- 
tions of  a  purely  physical  kind,  and  willi  whicti  the  darker  man  was  more 
nearly  in  unison;  for  tliough  it  might  be  shown  that  the  climate  of 
Kuroiw,by  reason  of  tlie  removal  of  forests,  and  other  causes,  chiefly  agri- 
cultural in  their  nature,  has  undergone  a  change,  this  is  nothing  compared 
with  the  changes  that  have  been  nceoniplished  in  domestic  economy  by 
better  clothing,  and  more  comfortable  lodging  and  food,  and  the.'^c  arc  jwr- 
oHcI  to  aetual  cliangcs  in  climate.  What  a  contrast  between  the  starved, 
naked,  and  almost  houseless  jieasant-suvagcs  of  tlie  times  of  Cu^ar,  and 
the  well-fed,  well-clothed,  and  well-housed  agricultural  laborers  or  manu- 
facturing operatives  of  ours,  w]io,  though  they  may  be  living  in  the  same 
geographical  region,  arc  literally  in  a  warmer  and  more  genial  climate — a 
climate  witli  which  man  is  only  in  corrcsjiondence  when  his  skin  is  of  a 
darker  shade,  and  his  hair  of  a  brown  or  blauk  color  I 

From  these  investigations  of  the  anatomical  jx^culiarities  of  tlic  nations 
of  men,  wc  may  turn  to  those  of  a  mental  kind,  which,  in-  ^*,v..     ru-^ 
deed,  arc  derivatives  thercnf.      Doubtless  the  intellectual  iuii<|ua)iiie«af 
qualities  are  manifested  in  tlic  expression  of  the  countenance  '""""■•■ 
and  in  the  capacity  and  form  of  the  skull. 

Coosidcring,  for  the  sake  of  convenience,  groups  of  nations  as  they 
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are  distributed  gcograpliicaUy«  tliougK  as  wc  have  seen,  this  is  a  divb- 
ion  whidi  has  no  philosopliical  foundation,  vm  may  proceed  to  an  exam- 
ination  of  the  psychical  state  of  the  Kiiro[)ean  and  Asiatic,  whose  historr 
funiishca  us  abundant  matenohi  for  this  purpose.  The  black  nations  of 
A&ica  and  the  red  tribes  of  America,  from  tlie  imperfect  advances  they 
have  made  toward  civilization,  can  supply  but  few  facts  for  such  an  ii^^ 
Teatigation.  f^t 

We  can  not  read  tlie  histories  of  Europe  and  Asia — we  can  not  cx&m- 
Pvntheiicfli  ^"G  ^^^  prcscnt  condition  of  those  continents,  T\ithout  comiag 
min.iortiic  to  the  conclusion  tliat  the  people  inhabiting  them  possess  a 
ij-iimi  I'nin.i  of  difiurent  mental  constitution.  After  what  has  been  said  res 
tho  i.uroffcitD.  gpecting  the  intluencc  of  physical  circumstances  on  the  or- 
ganization of  man,  it  is  nnncccssary  for  us  to  inquire  here  in  what  thfit 
dil^'f'i'enoe  has  originated.  It  Is,  perhaps,  most  significantly  exprcflsed 
if  we  say  that  the  mind  of  the  Asiatic  is  essentially  sj'nthetic,  that  of  the 
European  analvtic.  The  fomuT  is  the  creator  of  systems  of  theology, 
law,  science,  some  of  which  have  endured  for  thousands  of  years,  and 
have  been  adopted  by  a  large  portion  of  the  human  race.  The  lattw 
pursues  his  course  iu  n  way  less  grand,  but  which,  since  it  has  a  better 
ascertained  foundation,  leads  to  more  certain,  and,  in  the  course  of  cen- 
lurieg,  will  ahow  more  powcriul,  widespread,  and  equally  lasting  results. 
The  intellectual  iwculiarity  of  the  Asiatic  has  been  attended  with  the  ad- 
vantage of  producing  an  almost  definite  social  state.  In  Asia  the  cos- 
loms  remain  invariable ;  every  thing  is  in  a  state,  as  we  miglit  term  it, 
of  stagnation,  or,  as  they  consider  it,  of  rcjwse.  (>n  the  other  band,  the 
analytical  tendency  of  the  Kuropean  has  led  to  the  intellectual  and  polit- 
ical anarchy  of  our  times,  when  fundamental  doctrines  of  every  kind  are 
called  iu  que5lion,nnd  scarcely  two  nieucjin  be.  found  who.se  views  on  re- 
ligious, }>oliticaI,  and  social  questions  coincide.  In  Asia  there  are  no 
qneslions,  but  only  affirmations.  Europe,  except  when  the  Church  for 
a  thousand  years  enforced  tlie  Asiatic  system,  has  ever  been  prone  to  ask 
questions.  Smce  the  fourteenth  century,  when  she  returned  to  llua  pro- 
{tensity,  she  has  been  passing  tlirough  a  chaos  of  doubt  in  the  immme^ 
able  answers  she  receives. 

With  an  intellect  of  this  analytical  kind,  it  may  be  doubtful  whether 
Keccfsltrof  tlio  Kurojwun  could  ever  have  spontaneously  entered  on  the 
KurmJlan  civ-  coTccr  of  Civilization.  Tlie  contact  of  the  iVsiatic  was  cssen- 
iiuotiun.  tial  to  him,  as  giving  him  the  material  on  which  to  work. 

Nor  was  it  of  importance  whether  Ihe  basis  from  which  ho  thus  stiurted, 
and  the  additions  which,  from  time  to  time,  he  has  received,  were  true  or 
false ;  they  famished  him  witli  tlie  essential  condition  that  was  wanting. 
Tho  dissector  must  have  his  subject.  The  history  of  Europe,  whether 
as  regards  ]>hiIosopIiical,  i-eh'gioos,  or  jiolilical  aflairs,  bears  the  imprcsa 
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of  the  analytical  mind  of  the  white  man.  Irk  Asia,  ou  all  these  points 
they  tend  to  the  homogeneous.  In  pjurope,  every  day  niakea  us  more 
and  more  hcterogcneouH. 

Thna  compared  with  that  of  the  iVsIatic,  it  can  not  be  denied  tliat  the 
mind  ol'lhc  European  is  oi'thc  higher  order.  Moreover,  though  ComimriM»ii 
our  moral  cpialiliea  are  not  c<iual  to  our  iutclicctual,  the  man-  ^'/'^^^^'J^^ 
ner  in  which  we  act  in  the  conditions  in  which  we  are  placed  iutoUcct. 
asserts  our  superiority  even  in  that  regixrd.  The  instances  are  many  in 
which  we  do  not  dare  to  carry  our  convictions  into  execution,  and  each 
of  these  ilhistratcs  the  inequality  here  set  forth.  To  be  content  with  the 
chances  of  things,  to  suffer  the  events  of  life  uncomplainingly,  is  surely 
nut  so  wortliy  a  character  as  to  demand  u  reason,  and  to  accept  the  con- 
eeqnenees  of  resistance. 

The  intellectual  superiority  of  the  European  over  the  Asiatic  is  strik- 
ingly illustrated  by  their  relative  power  over  the  African,  who  ^^.^  T»«nert 
ifl  confessedly,  in  this  respect,  beneath  them  both.  To  go  no  iv»  iiiiiuenco 
farthtr  kick  than  the  last  ten  centuries,  both  have,  in  their  """  "*^ 
special  way,  exerted  their  influence.  Here  and  there,  on  the  outskirts 
of  that  great  continent,  the  European  has  made  a  faint,  but,  at  the  best, 
only  a  transitory  impression:  the  Asiatic  has  pervaded  it  through  and 
through.  Of  the  promising  churches,  whicii,  in  the  early  days  of  Chris- 
tianity, fringed  the  northern  coast,  scarce  any  vestige  now  remains ;  the 
faith  of  Arabia  has  not  only  supplanted  them,  but  is  spreading  even  to- 
ward Uic  Cape  of  Good  Hope,  and  tliis,  as  it  would  appear,  spontancotis- 
ly.  On  the  othej:  iiand,  the  Euro|)ean,  with  that  universal  charity  which 
is  his  noblest  attribute,  lias  spnrcd  no  exertions  and  no  expense  to  dif- 
fuse tlic  blessings  which  have  been  conferred,  by  I'rovidcucc  upon  him ; 
and  yet  it  would  seem  to  be  in  vain,  though  enforced  by  the  great  exam- 
ple of  his  civilization  and  power.  In  this  wc  sec  the  afEuity  of  the  mind 
of  Africa  with  that  of  Asia,  of  wliich  it  is  on  exaggeration,  and  its  incon- 
gruity with  that  of  Europe.  It  can  not,  in  its  present  state,  appreciate 
oar  manner  of  thinking;  it  can  not  embrace  our  conceptions  of  truth,  but 
delivers  itself  unresistingly  to  the  dogmas  of  the  East,  with  all  their  er- 
rors of  faith  ujid  all  their  ini perfections  of  polity. 

Since  I  have  been  drawn  into  a  psychical  comparison  of  the  Asiatic 
and  EurojMjan  in  the  foregoing  particulars,  it  may  not  Ijc  p„jiio_Qf 
amiss  to  consider  the  two  racc^  in  another  important  respect,  wumeo  in  AjU 
tbo  condition  of  their  females.  In  the  barbarous  state,  the  *"  '"  ""''* 
woman  Is  the  slave  of  the  man  ;  the  Jlohnmmedan  makes  Iier  his  toy,  the 
Europeiui  his  companion.  The  avarice  of  the  former  for  beauty  is  re- 
placed in  the  latter  by  an  avarice  for  wcaltlu  The  treasures  of  the  one 
are  placed  in  a  harem ;  tliose  of  the  other  are  perhaps  invested  in  the 
public  stocks. 
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TIic  natural  position  of  the  female  sex  in  tliis  ro8j>ect  is  indicited  it 
once  i>y  the  relation  of  numbers.  In  Europe,  for  every  10(5  male  binlia 
there  are  100  female,  and  as  tlie  sex  of  offspring  is  influenced  by  tlio 
rcUtive  agt^j*  of  tlic  parents,  the  older  parent  giving  a  tendency  to  its  own 
sex,  we  may  reasonably  suppose  that  in  the  infanta  bom  of  polygamy 
the  males  will  preponderate,  reversing  tlie  result  which  is  observed  in  tlie 
great  cities  of  Western  Europe,  in  which  the  ratio  of  female  births  rises 
above  its  true  mean  by  nearly  four  per  cent,  when  tho^  births  arc  il)e> 
gitimatc-  In  that  term  of  the  market,  four  jwr  cent,  what  a  volame  of 
iiiformatioQ  is  here  conveyed!  It  tcUs  us  that  the  European  female  doN 
not  fiill  at  once ;  that  there  intervene  years  of  resistance  to  temptation,  a 
struggle  of  virtue  against  penury  and  distress,  but  it  also  reveals  lite 
precocious  "wickedness  of  man ! 

Considering,  therefore,  the  near  equality  of  male  and  female  births,  vc 
may  truly  assert  that  monognmy  is  the  projicr  condition  of  our  species, 
and  that,  apart  from  its  social  evils  and  criminality,  polygamy  is  an  un- 
natural state.  I  shall  pass,  as  unwortliy  of  notice,  the  assertion  of  tbose 
who.  in  this  Christian  country,  practice  so  shameful  a  vice,  that  wo  might 
as  weU  divide  tlie  number  of  square  acres  on  the  face  of  tlie  globe  bj*  Jlie 
number  of  its  inhabitants,  and  declare  it  to  be  immoral  in  any  one  to 
possess  a  larger  estate  thati  corresponds  to  the  quotient  thereof  Ac- 
knowledging the  natural  depravity  of  tlie  human  heart,  I  accept  with 
huniili;ition  the  rebuke  that  tlic  most  enlightened  communities  cxliilnt 
in  these  respects  a  deplorable  spectucle,  and  that  the  vices  of  the  Mo- 
hanimedau  harems  6nd  their  full  counterpoise  in  the  general,  the  awful, 
and,  in  many  places,  the  legalized  prostitution  of  Christian  cities. 

Km'opG  lias  adopted  as  the  fundamental  basis  of  its  religious  system 
Eftcu  of  DO-  ^^^  grand  Asiatic  trutli  of  the  unity  of  God,  but  in  its  family 
(jrsuayanl  system  it  lias  rejected  llie  inimeniorial  and  widespread  \si- 
Booogpmy.  ^jj^  practice  of  pol3*gnmy.  That  circumstance  has  mode  it 
what  it  is.  The  monogamous  habit  has  tended  to  draw  the  family  tie 
more  Hruily,  and  has  led  to  the  accumulation  and  transmission  of  wealth 
irum  generation  to  generation  in  the  same  house.  With  this  haveorisea 
a  liability  to  concentration  of  jwwcr  in  castes,  and  the  use  of  sumaines 
which  have  perpetuated  family  interests  and  tamily  pride.  In  Europe 
the  career  of  improvement  is  in  tlie  society;  in  Asia  it  is  in  the  individ' 
ual ;  the  unknown,  starving,  illiterate,  but  strong-willed  soldier  of  to-day 
is  the  Pasha,  the  Caliph,  the  Em|)eror  to-morrow.  The  castoa  of  Indii 
Tb«  rMpMttv«  form  but  a  trifling  exception  to  the  fact  that,  in  the  midst  of 
juSTMr/En.  ^  universal  despotism,  the  primest  democratic  clement  is 
rop«,  concealed,  for  tlie  career  is  open  to  talent     Through  thisi 

Asia  has  asserted  her  superiority  again  and  again.     Europe  has  new 
produced  a  great  lawgiver ;  Asia  has  produced  many.     Qenerations  of 
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Uiree  Imndrcil  millions  of  men  have  followed  the  maxims  of  Confucius  for 
wo  thousand  years,  three  hundred  millions  arc  the  followers  of  Moham- 
jied.     The  faiths  which  govern  the  djiily  life  of  two  thirds  of  the  human 
race  may  well  be  nn  awful  spectacle  to  us — the  more  awful  because  we 
know  that  they  are  a  delusion.     The  only  approach  to  these  great  results 
in  the  Western  Continent  is  in  the  supremacy  of  the  Italian  Church ;  but 
Borne  owed  the  origin  of  her  system  to  Asiatic  missionaries ;  nor  wag  it 
the  completed  work  of  the  hand  of  one  man,  it  was  the  offspring  of  cen- 
turies, the  Joint  issue  of  a  long  line  of  illustrious  sacerdotal  kings.     In 
inilitary  life  the  highest  qualities  shine  forth.     If  the  talent  for  coumiand 
ind  the  capacity  of  a  statesman  arc  to  be  mt^sured  by  the  grandeur  of  un- 
dertakings and  their  success,  it  still  remains  for  I-'nrope  to  prwiuce  a  sol- 
flier  the  equal  of  Genghis  Klian,  and  a  king  like  Tamerlane.     These  great 
Daptains  held  aln>ost  all  Asia  in  their  iron  grasp.     The  opinions  wo  coni- 
Inonly  hold  respecting  these  illustrious  men  have  come  to  us  throngh 
K-rvcrtcd  channels.     Such  prodigious  successes  as  theirs  imply  the  high- 
BSt  intellectual  powers.     Their  true  character  appears  when  wc  compare 
bcm  with  their  Eui-ojKan  contemporaries.     At  the  same  lime  that 
vharlea  VII.  of  France  was  mystifying  his  people  with  the  imposture  of 
^oan  of  Arc,  and  Henry  VL  of  England  was  engaged  in  the  burning  of 
locromanccrs  who  had  attcraptc<l  his  life  by  melting  an  enchanted  wax 
Hmagc  before  the  fire,  Ulug  Beg,  the  grandson  of  Tamerlane,  was  de- 
■ermining  with  precision  the  latitude  of  Bamarcand,  his  capital,  with  a 
mural  quadrant  of  180  feet  radius,  and  making  a  catiUoguc  of  the  stars 
from  his  own  observations,  which  more  than  200  years  subsequently  was 
irinled  at  the  University  of  Oxford. 

If  the  European  wishes  to  know  how  much  he  owes  to  the  Asiatic,  he 
las  only  to  cast  a  glance  at  an  hour  of  his  daily  life.     The   rofitniiaiiooa 
dock  which  summons  him  from  Ids  bed  in  the  tuoming  was   °l  fJ^nlpM,'"^ 
ihc  invention  of  the  East,  as  were  also  clepsydras  and  sun-    civiliution. 
flials.     The  prayer  for  liis  daily  brcnd  which  he  has  said  from  his  in- 
itncy  first  rose  from  llio  side  of  a  Syrian  mountain.     The  linens  and 
tottons  with  which  lie  clothes  himself,  though  they  may  be  very  fine,  are 
Eifcrior  to  those  which  have  been  made  time  immemorial  in  the  looms  of 
jidia.     The  silk  was  stolen  by  some  missionaries,  for  his  benefit,  from 
^hina.     He  could  buy  belter  steel  than  that  with  which  he  shaves  him- 
lelf  in  the  old  city  of  Damascus,  where  it  was  first  invented.     The  cof- 
fee he  expects  at  breakfa.st  was  tirst  grown  by  the  Arabians,  and  the  na- 
tives of  Upper  India  prepared  the  sngar  with  which  he  sweetens  it,  n 
schoolboy  can  tell  the  meaning  of  the  Sanscrit  words  sacchara  canda. 
If  his  tastes  are  light,  and  he  prefers  tea,  the  virtues  of  that  excellent 
leaf  were   first   pointed  out  liy   the  Industrious  Chinese.     They  also 
ught  him  how  to  make  and  use  the  cuj)  and  saucer  in  which  to  serve 
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it.     His  brcak-fast-traj*  vras  lacquered  in  Jnpon.     There  is  a  tradilwn 
timt  leavened  bread  was  first  mailc  of  tbc  vfatcrs  of  ibe  Ganges.     The 
Qgg  he  is  breaking  was  kid  by  a  fowl  whose  ancestors  were  domesticated 
by  the  Malacojins,  nnlcsa  she  may  have  been,  though  that  will  not  alter 
the  caBc,  a  modem  8Ijanghai.     If  there  arc  preserves  and  &mts  on  Ins 
board,  let  liirn  remember  with  thonkfnlness  that  Pereia  first  gave  him 
the  cherry,  the  peacli,  the  plum.     If  in  any  of  those  delicate  preparation 
he  detects  tlic  flavor  of  alcohol,  k-t  it  remind  him  that  that  substance  was 
tirat  distilled  by  the  Arabians,  who  have  set  him  the  praiscwortliy  ejcam- 
pic,  which  it  will  be  for  his  bcnetit  to  follow,  of  abstaining  from  its  mc. 
When  he  talks  about  coffee  and  alcohol,  ho  is  u«ng  -Vrabic  woids.    A 
thousand  years  before  it  bad  occurred  to  him  to  enact  laws  of  restriction 
on  tlie  use  of  intoxicating  drinks,  the  Prophet  of  SIccca  had  accompliAb- 
ed  the  same  object,  and,  what  is  moro  to  the  purpose,  has  compcltcil,  Id 
this  day,  all  Asia  and  Africa  to  obey  it.     We  gratify  our  taste  for  pcr- 
soual  ornament  in  tho  way  the  Orientals  liave  taught  us,  with  pearls,  ru- 
biest sapphires,  diamonds.     Of  public  amusements  it  is  the  enmc:  tl^ 
most  magnificent  fireworks  ore  still  to  be  seen  in  India  and  China;  and 
as  regards  tlic  pastimes  of  private  life,  Europe  has  produced  no  invention 
Afltdc  contd-  whicli  can  rival  the  game  of  chess.     We  have  no  hydraulic 
butiooa  in  tri.  coiistTuctions  OS  great  as  the  Chinese  canal— no  fortifications 
as  extensive  as  the  Chinese  wall ;  we  have  no  artesian  wells  that  can  at 
all  approach  in  depth  some  of  theirs;  we  Iiavc  not  yet  resorted  to  tltc 
practice  of  obtaining  coal-gas  from  the  interior  of  tho  earth:  they  have 
borings  for  that  purpose  more  tlwin  3000  feet  deep. 

Similar  obsen*ations  may  be  made  if  we  examine  the  Asiatic  contribn- 
AfUiic  contri-  ****"*  ^^  science.  Wliile  the  learned  of  Europe  were  forbid* 
l>atioo9  In  act-  ding,  as  a  heresy,  tlic  doctrine  of  the  globular  tignro  of  the 
*°°^  earth,  the  Caliph  Al  3i[aimon  was  measuring  the  length  of  a 

degree  along  tlie  shore  of  (lie  Red  Sea.  He  and  his  suctressors  repeat- 
edly detOTmined  the  oblif|uitj-  of  the  ecliptic,  A  Saracen  constructed  tlip 
first  tabic  of  sines,  another  explained  the  nature  of  twilight,  and  showed 
the  importance  of  allowing  for  atmospheric  refraction  in  astronomical  oV 
servations.  Algebra  itself  was  invented  and  brought  into  Europe  by  tiie 
^lohammedons,  who  gave  it  tho  name  it  bears.  The  same  may  be  said 
of  chemistry.  It  is  needless  to  pursue  these  8tatcmcntsi,for  wlioover  will 
take  the  trouble  to  look  into  the  historj'  of  any  branch  of  science  existing 
in  the  seyenteenth  century  will  find  how  deep  arc  its  obligations  lo  .Vsia. 
I  shall  therefore  add  but  one  fact  more,  the  invention  of  tho  figures  of 
arithmetic,  which  in  reality  gave  birth  to  tliat  science,  and  laid  knovl- 
edge  and  commerce  equally  under  obligations.  From  it3  simplicity, 
beauty,  and  universality,  this  invention  alone  is  enough  io  command  the 
gt^titude  of  the  human  race.     The  manner  of  using  the  ciplier  and 
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placing  the  figures  is  one  of  the  happiest  suggestions  of  the  goniua  of 
man. 

I  shall  not  sot  in  contrast  with  these  statemeuts  a  catalogue  of  the 
contributions  of  the  Kuroi)can.  AVc  know  our  own  doings  well  enougli ; 
but  such  facts  as  the  preceding  may  serve  to  remind  us  that  tlio  Kuro- 
pean  is  no  more  justiHcd  in  ignoring  the  obligations  ]ie  is  under  to  the 
jVaiatic  than  the  Asiatic  is  justilied  in  regarding  him  as  a  luirbarian. 
In  the  advanco  of  our  common  humanity,  bolh  have  taken  and  still  nro 
taking  their  share,  'i'hc  Kuropcan  hns  brouglit  to  the  new  continent  lie 
discovered  his  religion,  his  laws,  his  literature,  hia  science,  and  it  may  be 
a  profitable  Huhjcct  of  reflection  to  him  that  under  them  the  Indian  is  djr- 
inff  away.     The  Asiatic  has  likewise  carried  the  Koran  into  _.,  .  , 

Anica.  Our  prejudices  and  education  ouglit  not  to  conceal  KiohamtnnUn- 
irom  us  that  there  must  surely  Lc  some  adaptcdness,  even  *° 
if  it  be  ill  a  i^ejisual  res|>ect,  between  its  doctrines  and  the  ideas  of  many 
climatCfi,  many  nations^  many  colors.  Tlie  light  of  the  Arabian  crescent 
shines  on  all  countries  from  tlicGulf  of  Guinea  to  the  Ciiinese  wall.  In 
those  pestilential  and  sun-burnt  forests  under  the  equinoctial  Hne,  cit- 
ies are  springing  up  with  their  ten,  their  twenty,  their  fifty  thousand  in- 
habitants. That  implies  subordination,  law^  civilization.  It  may  be 
that  this  is  not  a  course  of  events  wliich  would  have  been  chosen  by 
the  French  on  the  north,  with  their  military  colonies  ;  the  Knglish  on  tho 
soutli,  with  their  conimcTcial  establishments;  the  Americans  on  the  west, 
with  their  political  institutions;  but  it  is  tho  course  of  l*ro%*idenec.  Let 
us  be  thankful  if  the  ;\i"rican  is  rescued  from  the  abyss  of  barbarism,  and 
brought  to  a  knowledge  of  our  higher  morality  and  holier  religion,  as 
brought  he  will  be  at  last,  even  though  it  bo  by  tho  luind  of  the  Projihet, 

Li  the  following  chapter  1  shall  have  some  remarks  to  make  respect- 
ing the  manner  in  which  the  civilization  of  Europe  was  ac-  p^  ^^^ 
complishcd,  and  sixall  offer  reasons  for  supposing  that  its  es-  civiiicaUna  of 
scntial  condition  was  a  physiological  change  in  the  inhabit-  "^'^' 
anta-  Without  troubling  the  reader  with  details,  I  may  hero  incident- 
ally observe  that  tlic  spread  of  3ro!innimedanisin  in  Africa  is  altogether 
owing  to  its  having  been  introduced  in  the  right  direction.  It  appears  to 
me  hoj)cless  to  attempt  the  amelioration  of  tlnit  continent  &om  its  west- 
cm  shore.  Wlmtever  is  done  must  be  done  from  the  Kast.  In  power 
of  intellect,  and  in  a  disposition  to  appreciate  our  civilization,  the  inliab- 
itattts  of  tho  countries  hordering  on  tho  Kcd  Sea  are  far  superior  to 
those  on  the  Atlantic.  It  does  not  seem  well  to  begin  with  those  who 
are  the  least  prcpai-cd.  AVc  do  not  commonly  expect  success  from 
operations  conducted  at  an  eccentric  point.  Tlie  Koran  has  spread  be- 
cause it  has  availed  itself  of  the  great  lines  of  trade,  which  reach  from 
the  Ked  Sea  to  the  interior  of  the  continent;  it  has  spread,  not  bec-iuse 
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of  its  doctrinal  tlicology  or  theoretical  politics,  but  because  it  is  oonccTh 
cil  in  tlie  amendment  of  the  social  condition  of  the  people     That  iapit- 
cisoiy  iJiC  principle  which  accompliahcd  llie  cinlization  of  Europe ;  and, 
witii  regard  to  the  capacity  of  those  nations  to  receive  CIuistianitT,  ve 
may,  even  to  onr  sliamc,  recall  the  circumstance  that  the  Abrssininnsaie 
vet  a  Christian  people,  still  retaining  the  ancient  faith  delivered  to  tliem 
in  the  apostolic  ages,  when  onr  forefathers  were  pagan  barbarians.     Sur- 
i-onnded  by  the  most  depressing  and  antagoniziii;;  iitllucnccs,  they  hiTO 
hehl  tttst  to  their  faith  for  nearly  eighteen  centuries.     Tiie  hoary  Alii^ 
sinian  Church  carries  us  back  beyond  the  Council  of  Cludccdon  and  the 
disputes  of  the  Eutycliians;  its  literature  is  full  of  the  questions  which 
cxcrcidctl  the  fuitiiful  in  the  primitive  times  of  the  brethren  at  Jem^cni 
— circumcision,  things  strangled,  meats  prohibited  by  the  law  of  Moaefi; 
and  yet.  to  the  discredit  of  llie  Kuropeaii  and  American,  it  must  be  naid 
that  this  Chun'li,  full  of  incidents  of  the  most  singular  and  touching  in- 
terest, has  scarcely  had  (with  one  exception)  any  sympathy  extended  1o 
it  by  other  Christian  people. 

From  these  considerations  of  the  effects  of  Asiatic  civilisation  upon 
Spfv*d  of  Africa,  we  may  protitably  turn  to  a  brief  statement  of  that  of 
Kurope  upon  tlie  red  races  of  America.  This  itsuU  in  the 
two  continents,  north  and  south,  is,  that  in  the  latter,  out  of 
almost  1,700,000  aborigines,  nearly  1,600,000  ha%'e  embraced  Chrisliau- 
ity,  )cas  than  100,000  remaining  in  the  savage  state.  No  such  fitroraUt 
impression  has  been  made  upon  the  aborigines  of  the  northern  continent, 
who,  as  is  well  known,  are  steadily  diminisliing  in  numbers,  and  many 
tribes  that  were  once  numerous  liave  disajipeared.  This  lias  taken  place 
notwithstanding  the  care  wiiich  has  been  manifested  by  the  government 
of  the  United  Slates  for  all  those  who  are  within  its  territories.  It  does 
not  appear  that  the  conclusion  which  has  been  drawn  by  some  eminent 
authors  in  view  of  these  facts  can  be  maintained,  that  "tlus  considera- 
tion, if  we  can  separate  it  from  the  events  of  the  Spanish  conquest,  for 
which  it  is  to  be  hoped  that  the  soldiers,  and  not  the  ministers  of  relig- 
ion, ni-o  responsible,  must  be  allowed  to  reflect  honor  on  tlic  Uoman  Cath- 
olic Church,  and  cast  a  deep  shade  on  the  history  of  Proiestiujtism." 

That  this  conclnaion  is  incorrect  is  shown  at  once  by  the  very  taUes 
tliat  are  relietl  on  for  its  support.  Out  of  tlie  100,(K)0  aborigines  of 
South  America  who  remain  Iicatlicn,  more  than  ()t),000,  that  is  to  any, 
two  thirds,  belong  to  the  Araucanian  and  J'alagonian  branch^,  who  are 
the  countcrjHirts  for  ti»at  continent  of  the  Indians  of  llie  United  States 
and  British  American  territories  in  this.  Upon  these  it  may  lie  truly 
said  that  no  impression  whatever  has  been  made.  Of  the  Patagonian 
brannh,  estimated  at  mon*  than  32,000,  only  100  individuals  are  slated 
to  have  embraced  Clirisliauity,  and  of  the  ^Vraucauian  branch,  consisting 
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of  31,000,  not  one.  It  is  by  bringing  into  these  discassions  llio  Bingu- 
\ax  and  i\'idcsprcad  error  ilmt  oU  the  aboriginal  American  tribes  are 
alike,  and  by  not  making  due  allowance  for  their  habits  of  life,  t])eir 
physical  and  mental  endowments,  that  this  niistiikc  has  arisen;  but 
whoever  will  consider  the  faets  as  they  actually  stand  must  come  to  the 
■conclusian  that  there  arc  just  as  wcll-murked  ditiercnces  among  these 
people  as  there  arc  in  the  climates  and  circnmatances  in  whicli  they  live. 
Intellectually,  there  is  even  a  greater  difference  between  the  Indian  of 
the  United  States  and  the  Indium  of  Peru  than  there  is  in  their  physical 
lOspect.  The  one  is  an  intractable  savage,  the  other  docile  and  easily 
led;  the  one  has  never  yet  been  enslaved,  the  other  prospers  and  in- 
creases in  iiumljcr,  though  he  has  sustained  all  the  consef|ucnccs  of  the 
atrocities  of  the  Spanish  Conquest,  By  cliancc,  or  perhaps,  as  we  should 
more  truly  say,  through  l*rovidcncc,  the  field  of  Catholic  labor  has  been 
among  tlio  more  docile  races,  that  of  Protestant  among  the  more  uiilam- 
:afale,  and  the  result  is  exactly  such  as,  under  those  circumstances,  tlic 
philosopher  would  be  led  to  exjwct. 

I  can  not  here  avoid  recalling  to  the  attention  of  the  reader  what  I  have 
said  respecting  the  comparative  progress  of  Christianity  and  Moliammed- 
anism  in  ^Virica,  for  wo  (ind  upon  our  own  continent  a  repetition  of  the 
facts  which  were  presented  to  us  there.  The  chances,  if  such  a  tcnn  can, 
on  this  occasion,  with  propriety  be  used,  of  the  diffusion  of  Christian  civ- 
ilization, are  directly  proportional  to  the  existing  intellectual  development 
of  the  community  among  whom  the  attempt  is  made.  Mohammedanism 
has  ditfuscd  itself  in  Africa  for  precisely  tlic  same  reason  that  CatlioU- 
cisni  haa  succeetled  in  America — because  its  o])cration  was  commenced 
upon  those  tribes  best  prepju-ed  to  receive  it. 

W'c  can  not  have  a  more  striking  instance  of  the  effect  of  climate  on 
civilization  than  that  which  is  offered  by  the  American  In-  lliiuuation  of 
diaus.  As  is  well  known,  though  throughout  all  those  lali-  iun^J^^'^^dv. 
tudes  in  which  life  is  maintained  with  difficulty,  by  roiisoii  Uixatiuo. 
of  their  inclemency,  all  the  tribes,  both  of  the  north  and  south  continent, 
were  in  a  barbarous  state,  yet  in  those  more  pleasant  countries  toward 
the  equator,  in  whicli,  by  reason  of  the  natural  fcrtiUty  of  the  soil  and  n 
higher  mean  temperature,  the  inhabitants  had  little  occasion  to  work,  and 
passed  their  lives  in  coniparntivc  plenty  and  case,  a  special  civilization 
had  arisen.  It  is  of  no  little  intcrctit  to  observe  how  the  main  features 
.of  iVsiatic  and  Euroiiean  civilization  were  presented  in  this  cose,  doubt- 
without  any  communication  with  those  continents,  for  it  shows  how 
human  mind  is  ever  prone  to  unfold  itself  in  the  same  way,  to  give 
birth  to  the  same  ideas  and  to  I  ho  same  inventions.  The  ciyiiixntioa  oi 
civilized  Americans  of  ilexico  and  Peru  were  organized  in  iii«  tropical  la- 
communities  not  unlike  those  with  which  tho  white  man  ia     •    ' 
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elscwlicre  fumilinr,  living  in  citiea  wludi  were  rc^lutcd  hj  muiilcipiil 
laws  faiiiiliar  enough  to  us,  luaiiitaiiiiug  among  their  social  ins tliut ions, 
fijCL'd  ideas  respecting  property  and  family  rights,  having  a  national  nj^ 
ion,  an  eslabliaheJ  pricBthood,  and  t!ic  means  ot'  recording  cvcnts»  whicb, 
tJioiigh  imperfect,  wero  not  unlike  those  which  obtained  in  the  earlier  (xy 
riods  of  our  own  civilization.  If  they  had  not  a  knowledge  of  iron  ind 
the  plow,  they  had  already  fallen  upon  the  early  Asiatic  plan  of  Fulqu- 
gating  and  domesticating  such  animals  as  were  suitable  for  their  jiu> 
poses.  Civilization  arose  among  tliesc  people  in  simiUr  localities  and 
under  similar  circumstances  of  life  as  it  had  arisen  among  our  anceston 
in  tlic  Old  World,  and,  such  is  the  sameness  of  constitution  of  the  humin 
mind,  was  advancing  in  exactly  the  same  way. 

Although,  for  a  time,  among  the  degenerate  descendants  of  the  Span* 
(iradufei  ex-  i^ds,  the  Soutli  American  Indian  may  maintain  hiinself,  but 
i^d^  ^  u  ^  ''**'^  doubt  can  be  entertained  that  the  same  destiny  awaits 
tuipvnte  him  which  has  befallen  lus  North  American  brother.  He 
■on«.  jyju  jjQ^  withstand  lliat  enterprise  and  activity  which  arc 

leading  to  tlic  extension  of  the  white  invaders  of  his  native  soil.  Even 
though  the  age  of  cruelty  to  these  unfortunates  has  passed  away,  nover 
more  1o  return,  and  enlightened  governments,  animated  by  scntimcats 
into  which  no  mercenary  consideration  enters,  interest  thcjnselvca  in  ihcir 
welfare,  it  is  not  to  be  supposed  that  nations  depending  on  such  an  arti- 
ficial BUp[K>rt  can  long  continue  to  cAist.  In  tlti^  inevitable  decline,  the 
troi)icnl  races  may  far  more  wortijily  excite  our  commiseration  tlian  those 
of  tlip  higher  latitudes ;  nor  is  their  departure  unavenged :  they  leave 
behind  them  two  curses,  tobacco  and  syphihs. 

In  conclusion  of  this  partial  examination  of  the  progress  of  the  humsn 
Mcnnrr  of  family  under  varied  circumstances,  we  may  remark  a  rt-peti- 
ilwfJnrin  ch,"  *''^'^  °*  **  ^'^*^  series  of  changes  to  those  which  have  been 
ilizaiiua.  traced  in  the  psychical  career  of  the  indi%-idual,  and  this, 

whether  we  consider  the  progress  in  theolog}',  policy,  philosophy,  or  any 
other  respect.  It  is  a  continued  passage  irom  tlie  general  to  the  special 
—from  the  homogeneous  to  the  heterogeneous.  Tlie  history  of  any  of 
the  ancient  nations  might  be  bronght  forwaidas  an  example.  Kmeiging 
from  the  barlwirous  state,  they  shake  off  their  Fctichism,  that  union  of 
the  suiwmatural  with  the  natural,  wliich  gives  to  c\'ery  wood,  every  tree, 
every  river,  its  presiding  genius ;  to  families,  their  Penates ;  to  the  city, 
and  even  to  the  road,  their  Lares ;  to  stars,  and  to  stones,  and  to  med- 
icines, their  spirits;  to  the  night,  its  apparitions  and  fairies.  It  is  in 
vain  that  wo  say  these  nro  tlie  subjects  of  African  credulity.  They  aro 
found  in  the  origin  of  all  people.  Our  forefathers  once  cherished  the  il- 
lusions which  still  occupy  tjic  negro  mind.  TJic  time  came  when  intel- 
lectual development  outgrew  such  base  superstitions,  and  for  a  crowd  of 
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iiia^ary  inanities  ivorc  substituted  the  chosen  forms  of  Polytheism.  It 
fi  true  that,  among  Egrpliana*  Hindoos,  or  Greeks,  there  were  deities 
^oogh,  but  tlio  process  of  specialization  may  be  nevertheless  plainly  dis- 
cerned. The  Fetich  stage,  the  Polytheislio  stage,  arc  necessarily  in- 
sluded  in  the  onward  progress  to  a  pnre  metaphysical  illonothcistic  con- 
ception. In  this  it  is  to  be  remarked  that  the  Asiatic  races  riieir  n<listotu 
l>f  men  liavc  led  the  way,  both  in  the  priority  and  strictness  P«"«"'""*- 
id' their  views.  The  great  statesmen  of  China,  of  India,  of  Arabia,  and 
[rf  Judea,  ccnturica  ago,  seized  upon  tliis  as  the  pivot  of  their  intclleotu- 
|1  and  even  )>oUtical  systems.  To  the  lost  coantr}',  Kuropc  itself,  as 
listory  pi-ovcs,  ia  indebted  for  this  noble  idea. 

European  Monotheism  is  not  indigenous,  but  imported-  from  the  Ho- 
>rew8,  an  Asiatic  race.  The  intellectual  condition  of  the  nations  among 
prlioni  it  was  introduced  was  bnt  little  advanced,  and  hence  among  some 
t  came  to  be  degraded — mixed  up  witli  the  remains  of  i>opiiliir  and  an- 
bropomorphic  conceptions,  which  othenvtsc  were  gradually  dyuig  out. 
■"or  a  lengtli  of  time  tliu  jmgnn  creeds  mutntained  a  conlliet  with  It,  and 
prith  ditlicuity  it  disentangled  itself  from  the  base  features  which  they 
sndeavorcd  to  impress  upon  it,  as  with  the  Ilcbrcws  themselves  of  old, 
lie  people  seemed  to  be  ruluclant  to  sorrcnder  altogether  their  Polylhe- 
Stic  ideas. 

These  remarks  arc  to  be  understood  as  not  applying  to  individaaU, 
or  in  every  age  and  ration  great  men  have  arisen,  whose  views  on  these 
knd  other  subjects  of  like  vital  importance  were  far  in  advance  of  tlicir 
imcs.  In  their  best  days,  both  in  Greece  and  Rome,  there  were  men 
rho  had  attained  to  the  standard  licro  alluded  to,  but  their  teaching  was 
irithout  eflect  on  the  jwpular  mass.  There  was  a  want  of  equivalency 
}ctween  the  individual  attainment  and  tlie  race  attainment.  Though 
ndividuals  may  be  progressive,  races  are  essentially  conservative;  and 
icncc  there  will  constantly  arise  against  individual  attempts  at  an  ad- 
rancc  discountenance  and  resistance,  an  opposition  which  in  too  many 
nstances  becomes  a  tyranny.  Masses  of  men  arc  not  like  inorganic  mass- 
»,  whicli  resist  a  diangc  by  their  inertia  alone.  TIic  biography  of  ct- 
try  great  reformer  shows  that  the  popular  mind  resents  any  disturbance 
if  its  repose.     Resistance  has  to  be  overcome  in  the  moving  of  things, 

ipeniment  i^  added  in  the  moving  of  men. 

^O  the  pliitanthropist  it  is  n  most  delightful  spectacle  that  the  various 
latioBs,  in  spite  of  the  difference  of  their  interests,  their  Exuicnceara 
Sreeds,  and  tlieir  jwlilir's,  can  yet  present  certain  great  prin-  'A'™™^",M1»- 
liples  which  they  recognize  in  common,  and  this  is  becom-  vurdJmtcrcwto. 

ig  more  and  more  marked  with  the  onward  advance  of  llic  world.  In 
Ihc, course  of  events,  the  special  is  ever  coming  out  of  the  g(*neral,  and 

e  great  principles  of  a  common  morality  ore  gradually  disentangling  and 
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onfoMing  tlicmaolvos  from  contradictory  forms  of  faith.  Tho  Clunoc, 
the  UindoOi  or  the  Turk,  though  they  mnr  not  coincide  with  the  AmcT- 
icau  or  European  as  to  whut  is  to  Lc  looked  upon  as  tnic  will  yet  ^kh 
as  to  ^\'hat  is  just.  The  ecntitncnt  of  honor,  the  ideas  of  personal  xntc^ 
rity,  are  fast  becoming  universal. 

Yet  even  in  these  later  ages,  there  is  in  this  respect  notlktng  new.  Ibc 
tendency  of  the  human  mind,  whctlier  individual  or  collective  to  tho  sauic 
direction  ia  continually  manifest — a  premarketl  and  predestined  conno 
in  which  it  must  go.  Our  most  pc6ncd  notions  of  rectitude  contain  noth- 
ing more  than  is  to  he  found  in  the  little  epitome  of  the  ancient  lawgiv- 
er; for  if  we  strike  from  tlie  fen  commandments  whatever  is  explanatory 
or  threatening,  retaining  tlic  mandatory  jxirts  alone,  tlicrc  i-cniains  vhnX 
commenda  itself  to  the  understanding  of  intelligent  men  even  of  the 
most  diverse  nations' — the  acknowleJgnient  of  the  unity  of  GimI,  the  tcd- 
cration  dnc  to  him,  the  exjwdiency  of  a  day  of  rest  for  the  laborer,  tluj 
duty  of  fdial  affection,  the  enormity  of  murder,  the  sin  of  adultery,  the 
crime  of  stealing,  the  shame  of  lying,  and  a  strict  regard  for  the 
of  another:  these  are  things  which  exact  for  themselves  a  sponta 
and  universal  assent. 
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Ati/nrv  c/  J/(M. — Jtji^enct  of  surrotmdiiiy  OrawMfanoM  M  Aim. — I^Jimtaien  itf  Inx  Oirrtr. 

Gkxcbal  FAttT*  OP  EttKOPEAS  HuTOHV. — Utrodmiion  (/ Ef/yjitian  Ciriliiatioo  into  Evnftt.— 
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Ei**pirt!  ita  /•^■tmcc. — Anit/ytit-at  Qualilif  ^  tht  £Wvyiaaa  2imd, — lajUaioc  of  ike  lirtdi 
Sehooia  on  modem  I'MlotofAy. 

Ofipm  qfEunfian  Qmrntne. — DiaanxrytftKe  Stndi$  ^Gihrahar,'-~!dandenitm  Ota^aSga. 
— Rrrtmatrvrtion  t^  MoiiarrJiy  ia  £]/y/*/. 

7%r  Hotmitt  Kwjnrt:  ita  ettttraUsiMif  auj  civUUitg  Pimvr. — FhB  of  Evropean  f\iyaaum.  /»• 
Jtiiace  ff  the  tfirittiaa  ChurcA. —  T/te  Sabltotk  Day. —  The  lit/arwalioa. 
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Havixg  described  man  as  an  individual,  we  have  next  to  consider  him 
DMi-ndRiirT  of  ^  '"^  social  relations;  for  so  closely  are  his  actions  coimect- 
•ori4l  e«rrcroii  cd  with  his  organization,  that  it  may  be  said  that  tinivemi 
itnictiire.         history  is  only  a  chapter  of  physiology.    It  is  acknowledged, 
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even  by  tliosc  wlio  have  given  but  a  superficial  attention  to  the  subject, 
that  there  is  a  connection  between  corjKireal  development  and  historical 
career ;  tliat  those  races  who  Iiave  led  the  way  in  the  course  of  civiliza- 
tion* and  those  who  still  remain  in  the  savage  slate,  are  characterized  by- 
striking  anatomical  i>cculiaritic3.  particularly  in  the  size  and  development 
of  their  cerebral  liemispheres.  Such  general  conclusions  arc  strengthened 
ty  onr  obscr^'ations  on  the  animal  scries,  the  lower  members  of  which 
ofler  together  a  sameness  of  structure  and  an  identity  in  tltcir  course  of 
life.  In  those  the  metamorphoses  of  which  have  been  stud-  sinjcm^^nj 
led,  it  is  always  noticed  that  every  change  of  structure  is  at  hahit  in  ilw 
once  followed  by  a  cluingo  of  habit,  yet,  during  the  continuance  ""  **  '"'*  *• 
of  a  given  condition,  tiieir  manner  of  life  is  without  any  variation.  The 
actions  of  one  insect  arc  for  the  most  part  tho  actions  of  another  of  the 
same  kind  and  in  the  same  state,  whether  larva,  pupa,  or  imago.  Bat 
in  the  midst  of  all  tins  automatism  there  arc,  however,  the  glimmerings 
of  a  free  will.  Tlic  animal  world  presents  forcible  illustrations  on  every 
hand  on  tlic  connection  of  structure  and  habit. 

Philosophical  views  of  human  sociology  are  only  to  be  attained  by 
treating  tliat  great  problem  in  the  same  manner  that  we  have  CompanUrs 
learned  to  treat  so  many  others  in  i)hy8iology.  AVe  must  in-  swioK?' 
dude  in  our  di.'icussion  all  other  animal  races,  and  not  close  our  eyes  to 
the  fact  that  there  is  such  a  thing  as  comparative  sociolog}'.  We  ob- 
serve the  republican  propensities  of  the  ont,  the  monarchical  life  of  bees, 
tlie  solitary  hahit  of  other  tribes.  Is  it  not,  at  least  in  part,  because  of 
cerebral  peculiarities  that  one  kind  of  bii-d  is  polygamous,  and  another 
obscr\C3  an  aimual  or  perpetual  monogamy ;  that  the  buffalo  delights  in 
the  society  of  his  kind,  but  the  lion  will  tolerate  no  neighbor ;  that  the 
borsc  runs  in  herds,  and  adopts  an  organized  system,  submitting  to  a  ca])- 
tain  whose  motions  he  follows  ?  Wo  can  not  suppose  that  these  habits 
are  tlie  sole  result  of  a  present  and  immediately  active  external  influence 
which  calls  them  forth ;  an  internal  influence  is  also  at  work,  an  internal 
inflticnce  dependent  on  organization. 

A  discussion  of  the  probhim  of  human  sociology  could,  therefore,  only 
be  completed  after  a  study  of  the  same  problem  in  tlie  entire  animal  so 
ries  —  a  task  requiring  varied  and  profound  knowledge  of  natural  Itis- 
toiy  and  comparative  anatomy.  Indeed,  the  present  state  of  these  sci- 
ences docs  not  enable  us  to  accomplish  it.  Tlie  remarks  I  am  about  to 
make  are,  therefore,  of  a  very  imperfect  kind.  The  social  problems  pre- 
sented to  ufl  by  animals  arc  a  fitting  introduction  io  the  social  problems 
of  man. 

I'or  the  clearer  understanding  of  what  follows,  it  may  i,[,tiortion iw- 
tliereforo  be  observed  that  we  may  receive  the  term  instinct  twwn  iokiiuct 
as  indicating  a  faculty  incapable  ofimprovement,  and  possess-  ""   f"^^*^- 
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ed  by  each  indiviJuiil  cxhibUing  it  sjwnlancously,  without  experience 
or  imitation.  The  suggestions  of  instinct  arc  often  instantaneous  and 
alnaya  onvaiying;  those  of  reason  involve  deliberation,  and  into  them 
the  clement  of  time  enters.  They  also  involve  error.  Animals  ivhicli, 
for  a  thousand  years,  nay,  indeed,  through  all  time,  have  never  invented, 
never  improved,  never  varied,  all  of  the  same  kind  being  equally  skill- 
ful, arc  to  be  considered  as  actuated  by  instinct,  not  by  reason.  Those 
of  wliich  it  may  bo  said  that  they  perceive,  remember,  think,  compire, 
and  tlien  form  a  judgment,  are  to  bo  considered  as  }>osscssing  rc.ison,  and 
^his  tlie  moro  ns  they  the  more  ])crfectly  nccompUsIi  that  end.  In  thii 
respect,  man  is  approached  by  the  quadnunana,  the  clepliant,  the  dog, 
but  the  immense  interval  wliich  separatea  liim  from  them  is  at  once  in< 
dicated  by  the  fact  tltat  they  appreciate  only  good  and  evil,  so  far  as  in- 
volved in  pleasure  and  pain ;  bat  he  contemplates  equally  tlie  good,  the 
beautiful,  and  the  true. 

The  historian  may  perluipa  view  with  resentment  an  attempt  on  tho 
ronnccU<m  «f  P**^  °*  phvsiologists  to  accom])lish  tho  annexation  of  the  tcr- 
lii>tory  «iiu  ritory  in  which  he  labors.  With  diHiculty  wilt  he  be  brought 
p  >»toogy.  ^^  aJniit  the  dogma  that  tl»c  histoiy  of  men  and  of  nations 
is  only  a  chapter  of  jdiysiology.  Ifc  doubtless  will  smile  at  the  absn^ta^ 
itics  of  a  doctrine  which  places  undt'.r  a  common  point  of  view  the  doio^V 
of  caterpillars,  ants,  and  wasps,  with  the  high  resolves  of  senates  and 
emperors — wliich  undertakes  to  consider  how,  out  of  the  most  obscure, 
the  most  august  m.iy  proceed. 

But  it  is  none  the  less  true  that  there  e:iists  a  comiKimti%*e  sociology, 
ns  well  as  a  comparative  anatomy  and  a  comparative  physiology.  Siruc- 
tiire,  function,  and  career  are  all  inseparably  connected. 

When  we  were  considering,  in  a  former  chapter,  the  nervous  mechan- 
ism of  insects,  we  saw  how  that,  from  the  purely  automatic,  the  volun* 
tary  is  gradually  produced  by  the  development  on  the  ventral  cord  of  an 
apparatus  for  the  registry  of  impressions,  the  cephalic  ganglia.  These 
registered  impressions  are  the  cause  of  tho  most  surprising  psychical  re- 
sults. 

The  action  of  barbarian  communities  is  aa  purely  automatic  as  the  ac- 
Bari>ari«maDd  ''on  of  an  inscct,  which  ncvear  had,  or  from  wliich  there  have 
civiUemiion.  been  removed,  the  registering  ganglia.  Irritate  the  decap- 
itated wasp,  it  will  sling.  Tho  uninjured  wasp  has  a  dioiee  of  action; 
it  may  possibly  fly  away.  The  action  of  civilized  communities  is  of  a 
far  higlicr  kind :  they  arc  guided  in  what  they  do  by  experience.  In  tlw 
progress  of  civilization  ihorc  have  arisen  the  means  of  pemianenlly  re- 
cording past  events.  Such  records  inllucncc  ua  in  deciding  how  wc  shall 
act.     They  constitute  knowledge. 

If  wc  may  compare  small  things  with  great,  is  there  not  an  analogy 
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T)etwecn  the  manner  In  which  ihe  registeriDg  mechanism  of  Analogy  i*- 
an  insect  or  other  animal  is  evolved,  and  liie  manner  in  '"'^''^  inilivHl- 
vhich  the  means  of  perpeloatlng  and  disseminating  a  knowU  mrtitaodMctJil 
edge  of  events  have  ansen  in  haman  society?  The  one,  it  is  «•'■«'- 
true,  A]>pcrtain3  to  individual  life;  hut  ia  there  any  fact  mom  clearly 
made  manifest  hypiiysiology  than  tliat  of  the  parallelism  of  race  life  and 
individual  life,  no  matter  how  lowly  that  individual  life  may  he? 

An  insect  presents  us  with  surprising  actions,  Iwcausc  it  possospcs 
-whhin  itself  the  means  of  registering  llic  events  which  occur  in  its  littlo 
circle.  Nations  act  wisely  and  well,  according  as  they  arc  guided  by 
their  store  of  experience. 

If  our  pride  can  be  so  far  overcome  as  to  admit  that  in  the  history  of 
the  life,  even  of  an  insect,  the  progress  of  mankind  is  phadowod  forth, 
that  is  to  say,  nniversal  history  is  seen  in  a  microscopic  manner,  it  will 
not  be  too  much  to  liopo  timt  wc  slinll  then  entertain  physical  or  mechan- 
ical ideas  of  the  social  career,  that  society  ad\'ances  in  a  definite  way,  luig 
its  laws  of  equilibrium  and  movement,  its  centre  of  intelligence,  its  centra 
of  power,  in  short  its  statics  and  d\*naniics. 

Though  it  is  only  one  out  of  many  instances  that  might  be  presented, 
let  us  briefly  consider  social  life  in  tho  ijifcrior  tribo  to  which  reference 
lias  been  made;  let  ns  also  look  at  some  of  the  indi\'idual  peculiarities 
of  insects.  Our  sentiments  of  cxclusivenc&s  and  pride  may  be  corrected 
thereby. 

Insects  foi*m  societies  for  mutual  assistance,  defense,  in^vision,  emigra- 
tion, mere  pleasure — societies  which  undoubtedly  arbic  in 
the  experience  of  passions,  such  ns  love  and  fear.  Of  these 
the  duration  is  variable  ;  some  last  through  the  lan-a  state  only,  some  are 
confined  to  the  imago,  some  are  maintained  tliroiigh  life.  The  orgimiza- 
tion  by  which  their  object  is  accomplisheil  is  various,  monarchical,  r&- 
publican.  The  caterpillars  of  the  processionary  moths  arc  guided  in 
their  marcii  by  a  leader ;  tiie  termites  obey  at  once  a  king  and  a  queen. 
The  lust  of  power  is  not  alone  felt  among  human  monorchs ;  the  quoca 
bee  never  rests  till  she  has  assassinated  her  rival.  All  insects  of  the 
same  kind  are  not  bom  equal,  nor  do  all  pursue  the  same  occupation ; 
some  follow  a  life  of  leisure,  some  devote  themselves  to  the  profession  of 
arms,  some  arc  laborcrs.  When  the  metropolis  of  the  tennilcs  is  attack- 
ed, the  laborers,  as  non-combatants,  retire,  but  the  soldiers  come  onl. 
Tho  ants,  with  which  wc  arc  more  familiar,  engage  in  military  and  filli- 
bustering  expeditions ;  thoy  make  reconnoissances,  set  sentinels,  march  in 
a  definite  order,  the  van  alternately  falling  to  the  rear;  their  lincfl  of  com- 
munication are  maintained,  and,  if  neccs-sary,  swift  couriers  are  dispatch- 
Icd  for  re-enforcements.  If  successful,  Ihcy  not  only  carry  off  the  ene- 
mies* stores,  bat  reduce  the  vanquished  to  actual  scrritude,  compclliog 
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tlicm  to  work  as  slaves*  They  have  notions  of  propertr^  and.  thou»l 
BoniQ  of  them  practice  cnnniboUsm,  thpy  will  amuae  themselvea  in  more 
pleasant  occupations,  tumbling  antl  playing  together  like  kittens  or  pup- 
Tl*i.ii»  of  P*c3.  Willi  a  sentiment  of  strict  justice,  the  wasp  who  has  rrs 
l****^'  turned  fi-om  a  successful  foray  divides  his  booty  among  llic 
males*  females,  and  the  lalwrers  who  have  been  working  in  the  vcspianr; 
nor  is  the  sentinel,  who  is  doing  duty  at  the  door,  fot^tten.  If,  tlirougti 
the  chances  of  war  or  by  accident,  any  one  has  sustained  a  grave  injurvT 
in  some  tribes  tlio  most  devoted  sympathy  is  shown :  the  ant  will  carrr 
)iis  wounded  friend  out  of  the  hot  of  the  fight ;  in  other  tribes  a  more 
than  Roman  firmness  is  displayed :  the  sufferer  is  put  out  of  pain  by  hia 
companion.  Expecting  an  attack,  some  insects  will  shut  their  doors  at 
night,  and  barricade  them  within,  or,  if  the  danger  is  continual,  will  builJ 
masked  gateways  in  succession,  witli  interior  walls  that  commjind  ihcni. 
They  arc  no  con  tempt  iblti  rngineera.  Tht-y  can  construct  and  uialutain 
roads  of  great  length,  witli  paths  branching  from  them,  which,  if  neces- 
sary, they  keep  mown.  They  cross  streams  by  throwing  themselves 
into  floating  bridges,  and  the  damage  done  to  their  premises  by  an  in- 
vader they  show  the  most  siiij^ilar  skill  and  alacrity  in  rcjKiiring.  How 
many  are  tlic  contrivances  to  which  insects  resort  to  carrj-  out  their  pur- 
jjoscs  I  The  caterjiillar  of  the  cabbage,  buttcrtly  mokes  a  la<lder  and  goes 
up  it ;  the  geometrical  caterjiillar  lets  down  a  m|)e,  and,  for  fear  of  hurt- 
ing himself,  drops  a  foot  at  a  time.  The  gossamer  Fpidcr  sends  forth  a 
lhrea<l  fine  enough  to  act  like  a  balloon,  and,  floating  in  the  air,  he  de- 
scends or  rises  by  winding  it  up  or  letting  it  out.  There  are  other  in- 
ects  which  make  diving-bulls,  and  go  under  the  water.  No  bird  mates 
net,  no  beast  a  pitfall :  men  and  insects  do  both.  A  gang  of  sailors 
will  carry  a  spar  by  snpiwrtiiig  it  on  .ilteniate  sides  on  their  elioulders; 
n  gang  of  ants  will,  in  like  manner,  carry  a  straw  or  a  long  worm.  There 
are  spiders  wliicli  show  as  much  dexterity  as  ait  Indian  in  sneaking  for- 
ward to  get  in  reach  of  their  prey. 

In  their  domestic  economy,  how  wonderful  1  Some  build  their  houses 
of  artificial  stone,  some  of  pasteboard  which  they  make.  Some  cover 
tlieir  rooms  with  tapcstrj',  some  lay  carpets  of  silk  on  t!ie  fioor,  some 
]iang  their  doors  on  silk  hinges,  so  that  they  shut  by  their  own  weight. 
Tlicy  make  arches,  domes,  colonnades,  stair-cases.  They  practice  con- 
cealment of  food,  itay,  on  accurate  obser>'er  and  a  very  pious  man,  says 
of  a  sand-wasp  tliat  it  carried  a  caterpillar  fifteen  feet,  removed  a  pellet 
tliat  closed  the  month  of  a  hole,  deposited  its  booty  therein,  cnrno  out, 
and  rolled  tlie  pellet  back  on  tlic  hole,  scratched  dust  thereon  hkc  a  dog, 
went  for  rosin  to  agglutinate  it,  leveled  the  ground,  and  ]nit  two  pine 
leaves  to  mark  the  place.  However  much  we  may  smile  at  this  anec- 
dote, it  may  satisfy  us  of  the  Iiigh  opinion  entertained  of  the  occom- 
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plislitnenta  of  insects  l>y  Ihoso  who  have  teon  close  ohservcr^  of  their 
habits. 

Dr.  Laycock  rcmnrks,  wlicn  speaking  of  the  cephalic  ganglia  of  Insoots 
(Med.  Chir.  Ucv.,  July,  1853):  "On  what  structures  de-  instincn  of  in- 
pcnd,  if  not  oii  Ihcso  cephalic  ganglia,  all  tliose  wouderful  ^fircSriu" 
instincts  which  mimic  in  their  operation  the  arts  of  man?  i:inKrni, 
There  is  hardly  a  mechanical  pursuit  ia  which  insects  do  not  excel.  They 
arc  excellent  weavers,  house-builders,  architects.  They  xtiako  diving- 
bells,  bore  gnllericfl,  raise  vaults,  construct  bridges.  Tlicy  line  their 
liooscs  with  tapestry,  dean  them,  ventilate  ihem,  and  closo  them  with 
admirably-titled  Kwiiig-dnorn.  They  build  and  .Htore  warehouse.^,  con- 
stntct  traps  in  the  greatest  variety,  Inint  skillfully,  rob,  and  plunder. 
They  poison,  sabre,  and  stab  their  enemies.  They  have  eocial  laws,  a 
common  language,  divisions  of  labor,  and  gradations  of  rank.  They 
maintain  armies,  go  to  war,  send  out  scouts,  appoint  sentinels,  carry  off 
prisoners,  keep  slaves,  and  tend  domestic  animals.  In  short,  tJiey  are 
mentally  a  miniature  copy  of  man." 

The  snqjrising  clwractcr  of  some  of  these  facts  might  disappear  were 
we  acquainted  with  what  may  be  termed  the  spring  of  the  action.  It 
lias  been  said  by  Dr.  Whateley  that  tlie  building  of  a  comb  is  hke  the 
provisioning  of  a  city,  in  which,  through  the  desire  of  the  tlcnlers  lo  get 
wealtli,  is  solved  what  is  probably  ll»c  most  intricate  of  social  problems. 
It  is  done  by  no  design  of  theirs,  and  yet  tliey  advance  to  it  .is  if  ira- 
jx^lled  by  gravitation  or  some  other  insuperable  force,  A  printer  may 
put  t}-pc3  together  to  get  money  witiiout  ever  troubling  hinisell*  about 
the  dittusion  of  knowledge.  A  bee  may  Hnd  gratification  in  wliat  he  is 
doing  without  any  concern  about  the  final  use  of  the  comb. 
Of  the  ccplialic  gauglia  spoken  of  iu  the  prcccding  paragraphs.  I'^g, 
/*■  *>"■  296  is  an  illustration  from  Jlr,  Newport,  in  the  case  of 

the  imago  of  the  Sphinx  iigustri:  a,  cephalic  ganglia;  A, 
K  eyes ;  r.  anterior  median  ganglia ;  </,  d^  posterior  lat- 
eral ganglia  of  the  stoma  to-gastric  system;  Xcrvoiu  •^imi 
c,yi  large  ganglionic  masses  in  the  thorax,  off^^t*- 
givijig  lUTves  to  the  legs  and  wings.     It  is       Fi;t. ':ra 
to  be  understood  that  upon  these  ganglia 
the  voluntary  action  of  insects   depends. 
They  are  the  places  of  reception  of  the  im- 
pressions on  the  organs  of  s|)ccial  sense  and 
the  seat  of  memory.     The  automatic  or  in- 
voluntary apparatus  ia  in  part  seen  at  Fig.  296,  whicli  is  the 
thoracic  ]>ortion  of  the  nen-ous  system  of  the  pupa  of  tliesamo 
insect :  «,  i,  t\  llu^e  ganglia  of  the  ventral  cord ;  </, «?,  th^ 
connecting  trunks;   fi,  f,  respiratory  ganglia. 


0|ll)*llf  gUl^lo. 
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nervous  mechanism  for  llic  larva  state  has  been  shown  in  fig.  126;  for 
Iho  jnipa,  127  ?  for  the  imago»  128 ;  from  which  it  will  be  recogniy^d 
that  the  nervous  system  of  insects,  as  they  pass  tlirough  their  melamor- 
ChanitPB  in  tiw  phoses,  undoTgocs  change.  In  the  larva  statCi  the  nervca,  as 
nenoo»fcy»t*^m  (]jcy  branch  fofth  from  the  ventral  cord,  indicate  by  their  uni- 
meumaq'iio-  fomiity  thc  cquolity  of  the  segmcnta  of  the  body.  In  nuu;y 
'''•  cases  tlic  cord  is  separated  throughout  its  whole  length  into 

its  two  constituent  strands,  and  the  cephalic  ganglia  arc  minute  because 
of  the  imperfect  condition  of  the  organs  of  sense  In  thc  pupa  state 
ibero  15  n  general  approach  of  thc  ventral  ganglia,  an  increase  of  the 
ccpIialJc,  and  a  thickening  of  the  stramhs  which  connect  that  organ  witli 
the  subfcsophngeal.  In  the  imago  state  thc  cephalic  ganglia  have  still 
fiiTtlier  increased  to  a  size  whicli  corresponds  to  tlic  great  development 
of  the  organs  of  sense;  the  ventral  ganglia  appear  lo  have  coalesced  ii 
the  thorax.  Thc  general  result  of  tlieso  changes  during  metamorphosis 
is  thei^efore  to  effect  a  concentration  of  the  nervous  centres  in  tlie  head 
and  in  the  tliorax,  thc  ganglia  of  special  sensation  coalescing  in  the  for- 
mer, and  those  of  motion  in  thc  latter  region.  We  may  remark  that 
these  modilicalioiis  strikingly  illustrate  the  observation  that  change  in 
habits  of  life  is  always  preceded  by  change  of  the  nervous  system. 

Besides  being  the  repository  of  tlic  im])rcssions  of  the  special  senses. 
s«at  or  litem-  *'**5  cephalic  ganglia  discharge  a  function  of  a  more  general 
oiyiu  ioMicta.  anJ  most  important  kind,  since  doubtless  they  are  thc  scat  of 
memory.  Ttiat  insects  of  the  more  elcvatetl  kind  liavc  thc  power  of 
recollection  there  can  not  be  any  doubt.  If  there  were  no  other  feet, 
their  recognition  of  their  homes  would  be  sufficient  to  establish  tJiis.  A 
thousand  trivial  incidents  offer  indirect,  but  instructive  and  interesting 
proolB  of  thc  same  thing.  When  a  spider  who  has  been  disturbed  feigns 
death  in  order  to  avoid  the  cause  of  his  alarm,  he  proves  his  capacity  of 
recollection,  as  also  when  he  hag  been  brought  out  from  his  concealment 
by  touching  Ins  web,  and,  discovering  the  nature  of  tlie  imposition  that 
has  been  practiced  upon  him,  i-efuses  to  come  forth  upon  a  repetition  of 
thc  trial.  The  quality  which  the  ceph.ilic  ganglia  thus  possess  of  bear- 
ing upon  themselves  the  enduring  traces  of  impressions  received  through 
the  sensory  organs  scarcely  requires  here  io  be  more  particularly  cacam- 
ined.  Tu  the  preceding  lK>ok,  in  the  chapter  on  inverse  vision,  various 
facts  have  been  mentioned  which  illusti'atu  the  faculty  possessed  by  llw 
optic  centres  in  man  of  retaining  visual  impressions  for  a  considerable 
period  of  time ;  as,  for  instance,  if,  when  we  awake  in  the  morning,  oar 
eyes  arc  directed  to  tiic  bright  window  and  then  closed,  a  represent  a  tioii 
thereof  will  still  continue  to  be  seen  in  its  natural  colors  and  relations,  a 
representation  which  gradually  fades  away;  and,  in  Hkc  manner,  the 
cep/i.iJic  ganglia  register  the  impressions  they  receive  from  the  optJd 


bo  auditory,  oliactlvc,  and  other  nerves  that  pass  to  them,  ^^  c«t>b«llfl 
^lind  prcserA'c  tlic  vcstigea  thereof;  for,  if  this  )»  not  the  case,  gmogliA  «• 
it  is  wholly  impossible  to  explain  how  in&ccts  should  have  the  "^  ""■ 
kower  of  remembering,  even  though  it  be  indistinctly  or  imperfectly, 
things  that  are  ]>ast:  those  things  or  effects  must  have  left  upoa  them 

an  enduring  mnrk. 
■    The  ganglia  of  the  ventral  cord,  with  their  related  nerve  trunks,  con- 
stitute a  series  of  automatic  nerve  ares,  their  immediate  ob-  X(.ti„nafiho 
iect  being  locomotion.     As  has  been  said,  the  impression  o£  vc»tr»i  tonl 
■the  surface  upon  which  the  insect  rests  gives  rise,  under  or-  '  *"'* 
dinary  circuni stances,  to  muscular  contraction,  and  thereby  motion,  and 
the  aanic  thing  occurs  under  circumstances  of  unusual  exircrimenial  dis- 
nrbancc,  as  when  irritation  of  any  kind — for  instance,  the  pungent  va- 
por of  annuonia — is  applied  to  one  side  of  a  centipede,  the  body  is  flex- 
ed iu  Buch  a  way  as  to  get  rid,  as  far  as  possible,  of  the  noxious  fume. 
tolicso  movements  arc  pui'ely  retlex,  and  in  their  production  the  cephalic 
ganglia  arc  in  no  manner  conccnied. 

Guiding  and  controlling  these  purely  reflex  operations,  the  ceplialic 
mglia,  by  means  of  the  iibrca  which  they  send  in  company  CAntroiUDs 
■with  the  trunks  of  the  ventral  cord,  can  exert  their  influence  •'^tl-m  of  th« 
n  the  remotest  part  of  the  body.  That  influence  we  distin-  ^\i*. 
jnisli  as  being  of  a  twofold  nature :  in  part  it  is  duo  to  impressions 
hich  are  being  at  that  moment  received  tlurough  tlie  various  orguns  of 
tnse — the  eye,  the  car,  or  whatever  other  such  organ  the  insect  under 
unsidcration  may  possess,  and  in  part  arising  from  ihc  residues  of  old 
pressions  whicli  the  ganglion  has  formerly  received.  It  does  not 
hercforc  seem  possible,  at  least  as  regards  the  more  perfect  of  these 
ibes,  to  accept  the  views  of  Descartes,  who  regarded  all  insects  as  mere 
tomata.     They  arc  automata  only  so  far  as  the  action  of  rvM-«ric»'« 


■their  vcntnd  cord  and  that  portion  of  their  cephalic  ganglia  'in^'Ji'VrlTaa. 
which  deals  with  contcmpomneous  impressions  is  concerned,  tonuiui. 
It  (hey  arc  not  automata,  since  they  aro  under  tho  influence  of  those 

glia  as  the  registers  of  past  impressions. 
What  has  been  said  rcs]>ccting  insects  applies  to  all  higher  tribes  of 
ife.    31aii  himself  is  no  excq)tion.    in  the  preceding  book  we  have  shown 
'that,  so  far  as  his  spinal  nervous  ftystem  is  concerned,  he  is  simply  an 
automaton,  and  tliat  it  is  the  development  of  a  brain  thereupon  which 
■Dakcs  him  capable  of  voluntary  action.     We  have  seen  that  in  his  indi- 
vidual progress  j>art  is  evolved  from  part,  an  cver-incrcasiiig  complexity 
and  an  ever-continuing  improvement.  _         .    ^. 

It  is  the  same,  also,  with  the  group  to  which  he  belongs —  ^nimm  la  anu 
lie  vertebrates.     Just  in  proportion  to  the  advance  of  their  filh^^chi^* 
rebral  mechanism  arc  their  psychical  [>owcrs.    The  amphi-  povitnl 
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oxua,wlncIihas  no  cerebral  hemispheres,  represents  the  condition  of  man 
wliOQ  the  action  of  his  bruin  is  suspended  in  sleep ;  tbe  Hsh,  the  reptile, 
the  bird,  follow  in  an  ai^cnding  order — an  order  which  man  himself  paases 
Uirough  in  his  individnal  progress  of  development. 

And  mim  in  the  aggregate — in  sodety — in  tlio  race — does  the  sanic»his 
historical  caxecr  being  a  transcript  of  his  individual  career.  Generation 
after  generation  leads  a  purely  automatic  life,  the  life  of  barbarism;  bnt, 
by  degrees,  there  is  evolved  in  such  conditions  the  means  of  r^^gistry  or 
WriUoK  ii  tho  ""ccord.  The  acts  and  thoughts  of  one  age  can  then  be  tracs- 
nmuks  of  record  mitted  to  anotlier,  and  can  influence  its  acts  and  thougbta 
'^'  Civilization  can  not  exist  without  ^^Titing,  or  the  means  of 
record  in  some  shape. 

Writing  once  invented,  the  advance  in  society  is  again  precisely  as  it 
is  in  the  indi^nduaL  In  part  it  is  regulated  by  the  physical  arcQin- 
alances  around,  in  part  by  the  interior — the  acquired  principle. 

In  the  superficial  sketch  whiclt  I  intend  now  to  give  of  the  progress 
of  European  civihzatlon,  there  arc  certain  facts  wliich,  from  their  promi- 
nence, am  not  fail  to  arrest  our  attention.     They  are, 

1.  Europe  remained  in  the  barbarous  state  nntll  it  obtained  the  means 
Gtincni  facu  ^^  jwrpetuating  ideas,  tliat  is  to  say,  until  it  learned  tlie  art  of 
of  Eunippjui    writing. 

""^'  2.  The  progress  of  civilization  in  Europe  was  attended  by 

an  absolute  physiological  change  in  its  inhabitants.  They  were  brought 
nearer  to  tlic  condition  of  the  inhabitants  of  a  more  temperate  climate. 
On  this  point,  however,  we  have  dwelt  to  a  suflScient  extent  in  the  pre- 
ceding chapter. 

3.  The  Karoj>ean  mind  is  analytic,  that  of  Asia  is  synthetic.  In  Eu- 
rope, the  action  in  philosophy,  in  religion,  in  poHtics,  tciids  to  the  inces- 
sant decomposition  of  a  thing  into  its  parte,  and  their  separate  discus* 
sion.  The  results  of  this  tendency  are  seen  in  many  of  tho  practical  social 
difficulties  of  modem  times. 

Before  entering  on  thi.s,  the  conclusion  of  his  work,  tI»o  anthor  may 
recall  by  a  few  passing  remarks  the  general  ^-iews  which  havo  been  in- 
cidentally scatterwl  ttu'ough  preceding  pages  respecting  tJie  nature  of 
man,  the  inHuence  of  surrounding  circumstances  over  him,  his  social  posi' 
tion,  the  dcHnitcncss  of  his  career,  a  deHnitcncss  which  authorizes  us  (o 
treat  his  history,  not  as  though  it  were  composed  of  chance  events,  but 
as  a  fitting  subject  for  the  contemplation  of  physiology. 

Man  is  every  where  constructed  upon  tho  same  essential  type,  a^J 
hence,  in  one  sense,  ho  acts  in  an  invariable  maimer,  but  that  ty^^e  pasd^H 
forward  in  development  to  many  different  aspects,  and  hence,  in  another 
aense^  he  exhibits  diifcrcnccs  m  his  determinations  and  movements. 

AVitli  the  form  and  size  of  the  brain,  Iho  intellectoal  capacity  of  man 
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efl.  In  a  state  of  nature,  his  mental  powers  are  in  close  relation  with 
ihe  climate  in  which  he  lives,  attaining  their  greatest  jwrfcction  in  tho 
•warmer  portion  of  the  temperate  zone;  bat  under  the  artiticiul  condition 
of  civilization,  in  which  tho  vicissitudes  of  (he  seasons  are  compensated 
for  by  food,  fire,  shelter,  and  clothing,  proix-rly  adjusted,  he  gains  his 
maximum  development  in  a  somewhat  higher  latitude. 

After  what  has  been  Jwid  in  the  last  chapter  respecting  the  influence 
of  physical  circumstances  on  the  structure  of  man,  producing  motlified 
development  in  our  typical  form,  and  thereby  giving  rise  to  many  dis- 
tinct families,  it  will  be  anticipated  that  those  circumstances  roust  con- 
sequently modify  our  mentid  operations,  our  manner  of  tliinking  and  act- 
ing, that  is  to  say,  must  leave  their  marks  on  our  history  as  nations, 
for  a  long  time  tliis  has  b<'cn  rccogni^^ed  in  a  general  manner :  the  mount- 
aineer thinks  diflerently  and  acta  differently  to  the  native  of  tho  !ow- 

rtanda  ;  he  whose  life  is  spent  on  the  bonlers  of  the  sea  to  him  who  lives 
in  the  great  plains  in  the  interior  of  continents.  But  it  is  not  to  these 
inllucncca  as  operating  by  association  on  the  individual  that  T  now  refer; 
it  is  rather  io  tho  profound  effect  they  have  had  in  producing  a  special 
cerebral,  and,  therefore,  mental  organization  in  the  course  of  many  gcn- 

Lerations  on  races  and  nations. 

I     Ijct  ua  always  rcmcmhcr  that  there  is  a  common  pi-inciple  which  un- 

pflerlics  the  varieil  movements  and  determinations  of  men  everywhere — a 
principle  from  which  no  one  can  disentangle  himself.     At  the  bottom  of 
even  the  most  diverse  actions  it  may  bo  discerned,  jnst  as  we  can  detect 
the  fundamental  typo  of  our  organization  under  the  most  varied  forms. 
f   As  from  the  physical  point  of  view  there  is  a  standard  man  who,  in 
reight,  height,  strength,  and  other  such  like  particulars,  rep- 
lescnts  the  entire  human  family,  so,  in  an  intellectual  point 
■f  view,  there  is  a  standard  man  who,  in  mental  progress,  manner  of 
Ihinking  and  of  acting,  rejiresents  the  whole  race.     There  are  also  snb- 
Ordiimte  standards,  the  representatives  of  jinrtieular  groups  or  nations. 
It  is  to  these  standards  that  we  arc  continually  appealing  in  arriving  at 
■  judgment  of  tJie  acts  of  indi>'idual».     The  special  history  of  these 
)hases  constitutes,  in  a  philosoidiical  sense,  national  history.     Tlie  rec- 
ord of  tho  development  of  tho  fundamental  typo  constitutes  universal 

^istory. 

r  I  have  already  remarked  tliat  universal  history  is  only  a  cliapter  in 
physiology.  Since,  by  reason  of  the  similarity  of  construction  of  the 
rcbral  apparatus,  tho  actions  of  men  will  present  a  uniformity  when 
idcr  the  inducnec  of  similar  motives  or  impulses,  there  is  not  only  a 
iblanee  hetween  such  actions  among  different  persons,  inflDenm  of 
but  also  it  may  be  discemerl  when  nation  is  compared  with  J"^n,lJin^ 
nation,  and  race  with  race ;  for  the  movements  of  communi-  on  Uim. 
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ties  depend  on  the  same  motives  as  the  movements  of  individuals,  hcing 
indeed  the  sum  of  individual  dctenninations.  But  when  muiiitudes  a»il 
masses  arc  thus  hroughc  under  our  consideration,  the  cle-ment  of  £rec-vill 
seems  for  the  most  part  to  disappear,  and  events  assumo  an  air  of  pre* 
dcutiuation.  To  this  princi|)Ie  it  U  lliat  history'  owes  its  chief  valne,  acd 
truly  becomes,  as  is  often  said,  philosophy  teaching  by  example.  The 
intelligent  man  who  lived  twenty  centuries  ago  would  doubtless  have 
come  to  the  same  decision  which  is  readied  by  tlie  intelligent  man  of  our 
times ;  the  same  propositions  being  submittctl  to  both,  both  guiding 
themselves  by  eimilor  principles  to  a  like  result.  The  logic  of  tmth  is 
eternal,  for  it  is  the  expression  of  the  manner  of  action  of  our  cerebral  ap- 
j>arn(UB,  the  type  of  which  never  changes;  and  since  there  is  thus  no 
essential  change  in  the  typical  construction  of  man,  and  therefore  none 
in  tho  maimer  of  oj)cration  uf  his  mental  processes,  since  physicml  naton 
PtflnlttacMor  '*  unvarying,  and  the  events  of  life  spring  one  out  of  Another 
tu  carwr.  jq  a  regular  order  or  sequence,  there  must  arise  those  same 
r.nalogies  in  the  history  of  race  compared  with  race,  and  nation  compared 
with  nation,  that  arc  so  obvious  when  individual  is  compared  with  indi- 
vidual. Of  every  gi-cat  future  event  there  is  therefore  a  past  history,  for 
every  such  event  has  Imd  its  precedent  in  other  historiea-,  and  thereforo 
its  prognostic  Tilings  will  follow  in  a  definite  oilier  so  long  as  the  in- 
ducncea  of  external  nature  arc  the  same,  and  so  long  as  tlic  constructioQ 
of  the  human  brain  is  the  same. 

The  political  foresight  of  the  most  eminent  statesmen  depends  on  a 
gift  of  appreciating  national  mental  types,  like  that  possessed  by  great 
sculptors  or  painters  of  appreciating  a  standard  of  beauty.  It  is  this 
which  enables  them  to  foresee  the  probable  consequences  of  events,  and 
to  realize  tho  expected  action  of  individuals,  and  even  of  masses  of 
men.  In  such  actions  there  is  far  more  uniformity  than  la  commonly 
supposed.  Tlie  same  general  conditions  which  yield  to  the  postK>&» 
a  dcfmitc  percentage  of  misdirected  letters  every  year — whicli,  with  raai- 
Tclous  fidelity,  give  to  tho  hospitals,  the  jails,  the  bills  of  mortality,  Ihcir 
cx])eeted  numbers,  operate  from  age  to  age,  and  in  one  nation  as  in  an- 
other, and  hence  arises  that  appearance  of  fate  in  the  action  of  masses 
to  which  we  have  alluded;  hence  also  it  is  that  the  same  cycle  of 
events  re-oocurs  again  and  again,  diversified,  perhaps,  but  never  essen- 
tially changed  by  the  influence  of  individual  frce-wilL  As  the  compar- 
ative anatomist  exliibits,  in  tho  ditHrcnt  members  of  tho  living  series, 
their  common  points  of  resemblance — that  this  organ  in  one  animal  is 
the  homologuc  of  that  in  another,  and  this  function  the  analogue  of  thai, 
so  the  pliilosophical  statesman,  acknowlod^ng  the  essential  principle  of 
com()arative  history,  reasons  from  nation  to  nation  and  firom  age  to  age. 
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!sey  presents  us  a  vivid  picture 
tbonsanrl  years  before  the  birth  of  Christ.  A  twilight  waa  p 
breaking  on  the  most  eastern  verge  in  the  countries  adjoin-  ing  tnm  Ur. 
ing  the  Hellespont,  but  the  West  and  the  North  were  ini-  ^""°- 
merged  in  a  night  of  barbarism.  The  unfolding  mind  is  ever  prone  to 
fill  darkness  witli  imaginaty  creations,  and  it  waa  with  the  white  race  at 
that  prriod  as  it  is  with  a  chihl.  Kvory  shore  of  the  Mediterranean 
and  Black  Seas  was  full  of  prodigies.  To  the  Greek  no  fiction  was  too 
titar^'elous  for  belief  tf  it  was  septirateil  ijrom  his  view  by  a  litmdFed 
years  or  a  hundred  miles,  the  ex.iggeration  of  tradition  confirming  it  in 
the  one  case,  and  tho  difficulties  of  travel  in  the  other.  His  horizon  was 
crowded  with  enchantresses  like  Cirec,  sorcerers  like  Tiresiaa,  monsters 
like  the  Cyclops.  Gods  and  goddesses  were  perpetually  flying  througli 
the  air  ;  every  lull  had  its  supernatural  legend,  every  forest  its  phantom. 
Even  the  moutli  of  hcU  was  on  tlic  farthej*  side  of  the  Kuxinc. 

A  religion  of  superstition  is  vcrj'  liable  to  be  connected  with  a  life 
of  evil  works.  The  maritime  enterprise  of  those  day  a  seems  to  have  re- 
ceived no  little  incitement  from  the  tem]>ta(ion8  of  piracy  —  a  profession 
to  which,  even  at  a  later  period,  the  Greek  appears  instinctively  to  tnm; 
nor  were  these  felonious  expeditions  restricted  to  the  taking  of  gooda ;  they 
drew  an  additional  profit  from  the  stealing  of  men.  The  evidences  of 
even  a  still  darker  crime  may  also  be  discerned,  since  there  were  jwoplc 
accused  by  common  fjimc  of  eating  the  captives  who  fell  into  their  hands. 
The  white  nmn,  therefore,  emerges  from  his  state  of  barbarism  a  pirate, 
n  stiver,  a  cannibnl,  crnel  in  his  moment  of  power,  and  debased  by  on 
incredible  superstition  in  his  moment  of  fear. 

Unable  to  originate  his  civilization  for  himself,  he  drew  the  elements 
of  it  from  another  country.     By  the  concurring  testimony  of  „.  ... 
all  authors,  as  well  ns  the  internal  evidences  of  ancient  histoiy,  orijrfMied 
that  great  blessing  is  the  gift  of  Egjpt.     I'or  thirty-four  ecu-  "'^ti-*!''- 
turies  before  our  era  that  country  waa  governetl  by  dyimstie.'*  of  kings, 
succeeding  ejich  other  without  interrujilion.     Its  soil,  proverbially  fer- 
tile, sustained  a  popidation,  estimated,  in  the  most  prosperous  tinies,  at 
about  seven  millions;  and  repeated  niilit&r)''  cxjieditions  into  Asia  and 
Ethiopia  had,  in  the  course  of  ages,  concentrated  in  it  immense  wealth, 
the  spoiU  of  conquered  nations,  and  crowded  with  captives  and  slaves 
the  Valley  of  (he  Nile. 

For  this  long  continuance  of  the  Egyptian  polity  satisfactory  reasons 
may  be  assigned.  In  early  age.s,  when  maritime  expeditions  Ancimt  nndu 
were  iiecessarily  feeble,  the  country  was  open  to  invasion  >woori;gy|.u 
only  across  a  narrow  neck  of  land  on  the  east,  and  was  protected  from 
any  attack  on  the  west  by  impassable  and  interminable  defierta.     V'nder 
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the  niUltaiy  system  of  remote  antiquity  Kgypt  was  almost  inaccessible; 
but  through  the  changes  of  later  times,  and  ever  since  naval  e^tpedttiona 
have  been  carriul  to  any  cxtcutt  her  position  has  been  that  of  ej^tresoe 
weakness.  The  unilbnn  experience  of  twenty-live  centuries^  Ixom  tbc 
Persian  wars  to  those  of  tlic  l''rcneix  Revolution,  lias  shown  that  the  pofr 
Bession  of  tlio  mouths  of  the  river  is  ctjuivalcnt  to  the  conquest  of  tk 
country. 

In  the  sccarity  of  this  inaccessible  retreat,  and  under  |X]litical  insti^ 
tiona  of  a  favorable  character,  the  civilization  which  was  to  be  confe 
on  tbe  white  man  originated.  For  a  succcasion  of  centuries,  industxial 
art,  and  its  parent,  natural  knowledge,  apiK-ar  to  have  undergone  a  steady 
devc'lupment;  jtcrliaps,  as  in  other  countries  at  a  later  time,  advancing  in 
Iho  more  prosperous  political  seasons,  and  becoming  statiooajy  in  tbe 
decay  of  the  empire.  The  statements  furnished  to  us  by  Greek  authora 
arc  of  very  Utile  value,  for  as  long  a  period  of  lime  intervened  between 
the  tirst  Kg}-ptian  kings  and  them  as  from  them  until  now.  It  is  rather 
from  the  monuments  of  the  Egyptians  that  we  must  judge.  Kach  year 
since  their  country  has  been  open  to  investigation,  and  their  bieroglypluc 
system  ttnderstood,  the  impressions  we  have  received  of  their  iutcUectaal 
advancement  have  been  more  and  more  favorable.  The  vocal  statue  of 
Menmon  at  Thebes,  it  is  said,  emitted  a  musical  sound  when  touched  by 
the  rays  of  the  sun.  In  the  light  of  modem  criticism,  every  obelisk  and 
monun>cnt  in  those  desolated  palaces  is  finding  a  voice. 

The  public  works  attest  to  llus  day  the  greatness  and  permanence  of 
MrninoraofUm  thc  Kg^-jitian  monarchy,  and  the  peculiarities  of  the  Egyp- 
EgjrpiUiu.  tian  mind.  l''rom  thc  statues  and  ruins  of  tlie  temples  of 
tbc  Greeks  ive  ace  what  a  vivid  perception  lliat  people  had  of  thc  bcauti- 
fuh  Thc  stalucfl,  and  tombs,  and  temples  of  the  Egyptians  offer  a  strik- 
ing contrast;  tlie  useful  cvciy  where  predominates.  Thc  rases  of  the  one 
were  adorned  with  emblematical  and  graceful  forms;  the  lombs  of  the  oth- 
er were  covered  with  sculptures  and  paintings,  commemorating  tlie  ordi- 
nary pursuits  of  life,  and  various  processes  in  the  arts  and  manufactorvs. 

These  sculptures  and  paintings  show  to  what  an  ejctcnt  the  physical 
fleiences  and  arts  dej)ending  on  them  had  been  cultivated.  They  set  be- 
fore us  the  domestic  life  and  daily  business  and  trades  of  tfao  people: 
cookery,  confectioner^*,  glass-blowing,  weaving,  }X}tter)'-makiug,  manu- 
faeture  of  cotton,  ^>ainting  on  wood  and  stone,  staining  of  glass,  and  a 
hundred  other  occupations.  Among  the  pictured  reprcscntationa,  a  chem- 
ist sees  with  pleasimj  the  apparatus  of  his  art,  siplions,  bellows,  blow- 
pipes, etc 

Shut  up  by  its  political  system  from  the  Mediterranean  nations  in  the 
same  manner  that  the  Chineso  and  Japanese  empires  havo  been  in  la 
times  from  other  states,  Egyi)t  was  to  tlic  Greek  a  land  of  mystery  i 
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marvels.  The  exaggerated  legends  'wluch  had  Leen  hrouglit  irora  it  at 
distant  intervals  by  those  who  had  escaped  by  Btcalth,  or  in  trouhlous 
times  had,  like  Cccrops  and  iJanaus,  led  forth  colonics  of  emigrant.-?,  lost 
none  of  tlieir  wonders  in  the  traditions  of  successive  generations,  but 
were  rather  verified  by  the  roving  pirates  wlio  liad  seen  the  jiyniinids, 
obelisks,  and  sphinxes,  and  the  great  temples  on  the  banks  of  the  Nile. 

The  lirst  step  in  civilization  is  the  invention  of  some  system  of  pcr- 
niaiicnt  record — some  method  of  writing.  "Without  this,  it  int^„(.tj^,a 
may  be  truly  said  that  law  can  not  exist.  Law  can  not  main-  orwriUin;  rrom 
tain  itself  in  the  uncertainties  of  tradition  —  law,  without  ^^^' 
which  wc  can  not  conceive  of  society.  The  legendary  histoiy  of  Europe 
is  doubtless  correct  in  referring  to  some  of  these  £g}''ptian  fugitives  or 
emigrants  the  contemporaneous  introduction  of  writing,  and  a  system  of 
jurisprudence.  Even  if  the  former  was  derived  from  Pha'nicia,  accord- 
ing to  the  story  of  Cadmus,  the  rhounicians  had  originally  borrowed  it 
from  Egj'pt.  It  is  on  interesting  illustration  of  the  tendency  of  the  Eu- 
ropean mind  to  analysis,  that  of  the  forms  of  \\Titing  known  in  those 
times,  the  ideographic  or  picture-writing,  the  ayllabio  or  the  representa- 
tion of  syllable  sounds  by  signs,  and  the  alpliabettc,  the  hitter  alone 
maintained  its  footliold  in  Europe  This  form,  as  described  at  page  3d6i 
essentially  consists  iu  Jccomiwsing  articulate  expressions  into  their  con- 
stituent vowel  and  consonant  sounds,  and  assigning  for  each  of  those 
Bounds  a  letter. 

About  seven  himdrcd  years  before  Christ,  events  took  place  which  led 
to  the  extension  of  Egj'ptinn  civilization  to  Europe.  The  an-  intfoduc^jo- 
cient  power  of  tho  kings  had  declined,  through  disputes  and  oriVy|.tUo 
comproniiscH  occ;urring  between  them  and  the  priesthootL  Be-  "*  '"  ""* 
twecn  the  priests  and  the  military  caste  there  was  an  open  (luarrel,  many 
of  the  former  having  been  deprived  of  their  lands.  These  rivalries  hroko 
out  in  revolts  and  insurrections,  and  for  two  years  the  country  was  in  a 
stale  of  anarchy,  from  which  a  partial  respite  was  obtained  by  an  entire 
change  in  its  institutions.  Twelve  of  the  most  intlucntial  ])er3ons  divided 
it  among  them,  each  having  a  province  which  ho  ruled  as  an  inde|>endent 
king.  The  old  monardiy  had  degenerated  into  an  oligarchy,  and  it  was 
this  revolution  whicli  Introduced  African  science  into  Europe. 

Psammctichus,  one  of  the  twelve,  had  for  his  |jrovince  the  eountri.'  wIucIl 
borders  on  the  Mediterranean  Sea.  Availing  himself  of  his  position,  he 
eatablishcd  an  intercourse  with  the  neighboring  nations,  particularly  tho 
Greeks  and  Phoenicians,  and  amassed  from  it  so  much  wealth  that  his 
colleagues,  jealous  of  his  increasing  power,  resolved  to  disi)0S8esa  him. 
Until  this  time,  all  foreigners  had  been  held  in  the  utmost  contempt,  and 
rigidly  excluded.  Psamnictichus  called  in  the  aid  of  Ionian  pirates,  and 
Other  Mediterranean  adventurers,  and,  having  collected  a  sufficient  body 
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of  such  mercenaries,  dcfoatcd  his  colleagues  at  the  battle  of  MomentpliU, 
and  became  sole  ruler  of  the  whole  eountrj'. 

By  the  aid  of  a  foreign  force  the  revolution  had  been  ended,  but  the 
Opening  of  tiw  position  of  Peammetichiis  was  essentially  diflerent  trom  that 
l>ort>i ar Kgi'pt.  of  all  preceding  princes.  A  foreign  force  had  given  him  the 
throne,  and  a  foreign  force  alone  could  maintain  him  on  it.  Under  such 
circumstances,  he  took  hia  most  politic  course,  and,  breaking  through  the 
traditions  of  twenty-five  centuries,  opened  the  jrorta  of  Eg}'pt. 

Tiiis  event  ncc^^iaariiy  led  to  a  closer  intercourse  among  the  3Ieditct- 
mnean  nations,  and  insured  communication  between  Kuropc  and  Africa. 
The  foreign  clement  quickly  made  its  influence  manifest,  lu  the  veiy 
next  ruign  the  Cape  of  Good  Hoiks  was  doubled,  and  .Vfrica  circnranavi- 
gated,  and  in  the  course  of  a  very  few  years  we  find  Pytliagoras,  Solon, 
and  Thales  visiting  Kgypt,  and  bringing  from  thence  to  Europe  the  de- 
ments of  law  and  natural  scicnec. 

The  Persian  empire  in  the  mean  time  had  attained  an  attitude  of  en- 
Tii(i  VtnUn      prpniacy  in  ^Vestc^^  .rVsia.     Following  the  inspirations  of  it» 
«mi)lre:  i:,Ui».  Babylonian  predecessors,  it  was  engaged  in  continual  wars 
pcuco.  ^^.j^j  jjg  African  neighbor.     From  the  battle  of  IVlnsiuio, 

and  tlie  conquest  of  Kgypt  by  Cnmbyscs,  the  political  interests  of  that 
country  and  Greece  became  essentially  the  siunc.  The  Pcraian  eoa- 
qucrors,  operating  alternately  on  the  noith  and  south  shores  of  the  Medi- 
terranean, betrayed  a  determination  to  extend  their  rule  around  that  sea, 
and  make  it  a  Persian  lake.  On  the  one  hand  they  were  resisted  by  the 
Greeks,  on  tlic  other  by  the  Egj-ptians,  between  wliom  active  commnni- 
cations  were  kept  up.  For  several  centuries  these  operations  were  cod- 
ductcd  witli  various  success.  Tlic  kings  of  Persia,  several  of  whom 
seem  to  have  been  men  of  great  capacity,  comprehendctl  the  political  ad- 
vantages wliich  would  arise  from  tlie  possession  of  the  sea,  and  would 
have  doubtless  carried  out  their  plans  as  respects  the  south  shore,  if  the 
Phttiiiciiina  liad  not  opiioscd  obstacles  for  the  sake  of  their  colony  at 
Cartilage.  And  though  tho  Greek  historians,  with  a  pardonaltio  motive, 
speak  of  the  various  movements  on  the  north  as  failures,  tlicrc  are  many 
circumstances  which  lead  us  to  receive  their  ac;connts  witli  allowances. 
If  Jlcmjdiis  was  sacked,  Athens  also  was  burned  ;  ami  even  at  the  open- 
ing of  tlic  llacedonian  expedition,  Greek  liistoty  ia  full  of  Persian  inci- 
dents and  intrigues. 

In  speaking  of  the  Egyptian  cultivators  of  philosophy  as  priests,  the 
liiiroiiuriirnuf  signification  which  is  now  attachetl  to  that  word  gives  us  an 
Efjiiiiiiii  I'M-  erroneous  idea  of  wliat  they  really  were.  The  colleges  at 
""•i"  i;  •  Memphis,  Thebes,  HeliopoUs,  and  Sals,  were,  in  reality,  each 

tlie  head-quarters  of  a  fraternity  of  artists  and  profe-ssional  men,  and  bore 
no  sort  of  resemblance  to  our  modem  ecclesiastical  institutions.     Among 


them  were  arcKilccts,  lawyers,  physicians,  painters,  chemists,  astrono* 
mcrs.  Tlicse  men  were,  moreover,  the  great  hmdowncra ;  not  only  were 
the  tcmphyi  richly  endowed  as  cor)K)rations,  but  the  individual  merabcra 
were  jwrsons  of  wealtli.  Tliey  enjoyed  monopoHcB  of  all  kinds;  for  in- 
stanee,  among  other  things  they  had  extensive  factories  for  cottons,  and 
laboratories  for  tlie  preparation  of  chemical  products. 

From  these  institutions  tlie  Greek  philosophers  brought  luitar&l  sci- 
ence. Pytliagorns  Iiad  resided  at  Thebes,  Thalcs  and  Democ-  Thu  Crwk 
ritus  at  Jleniphis,  Plato  at  Ileliopolis,  Holon  at  Sais.  Tliey  «i>wi«- 
did  at  first  little  more  than  expound  the  doctrines  llicy  liad  learned. 
Their  mode  of  instruction  seems  to  have  been,  in  many  instances,  found- 
ed on  tlie  Egyptian  model.  The  Pythagorean  establishment  at  Crotona 
may  be  regarded  as  a  partial  imitation  of  the  African  colleges. 

It  19  not  my  intention  to  enter  on  an  examination,  or  even  enumera- 
tion, of  ancient  philosophical  opinions,  nor  to  show  that  many  of  the  doc- 
trines which  have  been  brought  forward  within  the  hist  three  centnries 
existed  in  cmbrj-o  in  those  times.  It  may,  liowever,  be  observed  that, 
in  the  midst  of  much  error,  there  were  those  wlio  held  just  vjew3  of  the 
various  problems  of  theology,  law,  politics,  philosopliy,  and  particularly 
of  the  fundamental  doctrines  of  natiural  science,  the  constitution  of  the  so- 
lar system,  the  geological  history  of  the  earth,  the  natuixi  of  chemical 
forces,  the  physiological  relations  of  animals  and  plants. 

It  is  supposed  by  many,  whose  attention  has  been  casually  drawn  to 
the  philosophical  0[)iuions  of  antiquity,  that  the  doctrines  whicli  wo  still 
retain  as  true  came  to  the  knowledge  of  the  old  philosophers  not  bo  much 
by  processes  of  legitimate  investigation  as  by  mere  gnessing  or  crude 
Hpeculation,  for  which  there  was  an  equal  chance  whether  they  were  right 
or  wrong;  but  a  closer  examination  will  sliow  that  many  of  tlieni  must 
liavc  depended  on  resulta  previously  detcnniucd  or  observed  by  the  Af- 
ricans or  Asiatics,  and  thus  they  seem  to  indicate  that  the  human  mind 
has  undergone  in  twenty  centuries  but  bttlo  change  in  its  manner  of  ac- 
tion, and  that,  commencing  with  the  same  data,  it  always  comes  to  the 
luuno  conclusions.  Nor  is  this  at  all  dependent  on  any  inherent  logic  of 
trtith.  Very  many  of  the  errors  of  antiquity  have  reap]>eared  in  our 
times.  If  the  Greek  sclujols  were  infected  with  materialism,  panthciam, 
and  atheism,  the  later  progress  of  philosophy  has  shown  the  earao  ch.ir- 
actors.  To  a  certain  extent,  such  doctrine:*  will  receive  an  impression 
from  tho  prevailing  creeds,  but  the  argunienls  which  have  been  appealed 
to  in  thor  favor  have  always  been  the  Bamc.  The  distinction  between 
these  heresies  in  ancient  and  modem  time-a  lies  chictly  in  the  grosser 
characters  which  they  formerly  assumed,  arising  partly  from  the  reflected 

t influence  of  tho  existing  mythology,  ond  partly  from  the  imperfections 
of  exact  knowledge.     Even  the  errors  of  early  antiquity  arc  venerable. 
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We  must  judge  our  predecessors  by  the  sjuiie  rules  lliat  we  hope  pos- 
terity will  judge  us,  making  a  generous  allowance  for  the  impcricctioiu 
of  reason,  tlic  infiniiities  of  diaracter,  and  especially  for  the  prejudices 
of  tlie  limes.  To  have  devoutly  believed  in  the  existence  of  a  human 
eonl,  to  liavo  looked  forward  to  its  continuing  after  the  death  of  the 
body,  to  have  cxjieeted  a  future  state  of  rewards  and  puuit;hmcnts,  and 
to  have  drawn  therefrom,  as  a  philosophical  conclusion,  the  necessity  of 
leading  a  virtuous  life — tliesc,  though  they  may  be  enveloped  in  a  doad 
of  errors,  are  noble  results  of  tlic  intellect  of  man. 

The  analytical  quality  of  the  European  mind  already  manifested  iledf 
Aanlvilcsl  in  this  dccomi>oaition  of  knowledge  derived  from  foreign  coun- 
^l^'teon  *"  *^^^  ^°  *'^'^  establishment  of  a  liost  of  sclioola,  this  cxamiiui- 
miad.  tion  and  discussion  of  the  fundamental  elements  of  the  im- 

ported philofiopliy.  As  there  arc  differences  in  the  physiognomy  of 
racc^  so  there  are  dlfibrences  in  their  intellectual  endowments,  wUidi, 
arising  in  peculiarities  of  cerebral  construction,  communicate  pccuiiarities 
to  the  processes  of  thinking.  Tho  physical  science  of  Egypt,  transported 
to  Greece,  rapidly  degenerated  into  speculative  philosopliy,  and  in  so 
doing  produced  an  iuatabillty  of  opinion  which  entailed  as  its  coaeo- 
qupiice  a  laxity  of  morals.  Such  a  social  condition  led  naturally  to  the 
results  wtiich  history  indicates.  It  is  not  surjirising  that  the  most  em- 
inent men  were  open  to  bribeiy,  and  that  the  glorj*  of  those  ages  was  so 
often  the  brilliancy  of  corruption.  These  arc  the  necessary  rcsiUts  at- 
tending such  political  conditions.  Too  often  it  fell  out  tliat  tho  great 
men  of  Greece  accused,  and  too  often  convicted  each  other  of  being  in- 
fluenced by  Persian  intrigues  and  Persian  gold.  In  the  general  demor- 
alization, they  seem  to  have  taken  for  their  guide  a  perverted  interpreta- 
tion of  the  admirable  precept  of  Solon,  "  In  every  thijig  thou  docst,  ooa- 
sider  the  end.''  ^^H 

Added  to  this,  the  public  faith  in  things  once  implicitly  believed  wP 
shaken.  Xerxes  in  a  very  unceremonious  way  violated  the  temples  and 
carried  off  their  treasures,  sliowing  the  same  contempt  for  the  gods  of 
Europe  thatCambyses  had  shown  for  those  of  Africa.  If  there  lingered 
in  the  minds  of  tiic  philosopliers  any  latent  belief  in  the  national  faith,  a 
relic  of  tho  impressions  of  childhood  or  of  popular  opinion,  such  a  pnw 
Grecic  ir«-  tical  demonstration  could  scarcely  be  lost.  During  the  tifly 
ijipwu.  years  of  that  war,  the  philosophical  opinions  of  1  lie  Persians 
had  full  opportunity  to  find  their  way  among  a  class  of  men  quite  opcD 
to  rne(Mve  them,  and  from  this  time  wc  perceive  a  striking  siinilunty  be- 
tween many  of  tho  doetrines  of  the  schools  and  the  well-known  dogmas 
of  the  Orientals.  The  Greeks,  like  the  Hindoos,  in  the  possession  of  the 
mere  rudiments  of  science,  passed  at  once  to  the  discussion  of  the  most 
important  and  elevated  problems  with  which  the  human  mind  can  bo  en- 
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gageil*  and,  as  an  incvttaltio  consequence,  were  led  away  ironi  true  phi- 
losophy into  sophistry  and  irrelig-ion. 

It  has  hccn  remarked  a  fe^  pages  bach,  tliat  in  the  progress  of  nations 
rvcnts  follow  in  repeating  cycles,  and  that  for  any  ono  wo  may  generally 
find  its  precursor,  and  tlicrcforc  its  prognostic  Greece  dtialt  with  the 
philoaopliy  she  had  reccivod  tVom  the  southern  people^  African  or  Asi- 
atic, exactly  in  the  same  manner  that  Europe  dealt  with  Italian  theology 
the  moment  that  liberty  of  action  was  pcTuiitted  by  tlie  Reformatioiu  In 
each  case  tlic  issue  was  not  the  prompt  and  final  substitution  of  a  ays- 
^m  correcting  apparent  and  acknowledged  defects,  a  system  in  unison 
with  the  existing  tone  of  thouf^lit.  There  was  no  such  stoppage  of  ac- 
tion ;  but  from  the  bosom  of  each  principle  and  sect  many  other  princi- 
ples and  sects  arose,  until  there  seemed  to  bo  no  end  to  the  subdivision. 

If  thus  we  consider  the  political  position  of  Greece,  the  c*ondition  of 
Asia  3Iinor,  occupied  by  Persian  troops,  the  destruction  that  inflmnce  ortho 
liad  overtaken  Egypt,  the  excitements  and  calamities  of  a  war  ^n^wJa'JnlJu 
of  half  a  century,  we  can  readily  understand  tiiat  this  was  losopbj-. 
not  a  season  wlicn  the  tedious  and  slow  jirocesses  of  true  pliUosophy  were 
likely  to  flonrisli,  and  that  it  was  far  more  conducive  to  imj)ostarc  than 
to  science.  The  seeds  of  knowlc*lgo  which  luid  been  brought  from 
Egypt  shot  up  into  a  rank  growth,  and  Europe  did  not  free  herself  of 
these  weeds  for  sixteen  centuries.  The  cltaracter  of  a  long  train  of 
events  is  often  dotemiiiicd  at  its  inception ;  for  this  reason,  I  have  dwelt 
in  detail  on  those  times,  and  it  is  well  worthy  of  remark  that  the  jKisi- 
tive  science  of  tiic  Europeau  was  not  fairly  established  until  after  three 
distinct  impulses  from  Egypt :  once,  as  we  have  seen,  under  her  PIuf- 
raohs;  again,  under  her  Ptolemies;  and  still  again,  under  her  Caliphs 
and  Suttans. 

While  these  events  were  taking  place  in  the  southeast  of  Europe,  do- 
mestic and  foreign  commerce  were  preparing  the  way  for  a    „^.  .     -_ 
gradual  diirrinioii  nf  civilization.     A  trade  with  the  countries   npf»u  con- 
bordering  on  the  Ii}Utic  Sea  for  tlie  amber  which  is  found  on   ""■'*•• 
those  shores  had  gradually  arisen,  and,  in  like  manner,  another  with 
Spain,  France,  and  England  for  tin.     The  tin  of  Cornwall  was  carried 
through  France  and  shipped  by  the  Phoenicians  at  Marseilles,  a  certain 
fjuantity  of  the  same  metal  being  also  obtained  from  the  Spanish  mines. 
Early  in  their  history  the  Plioenicians  had  established  colonies  on  several 
points  of  the  Black  Sea,  and  trom  these  deputs  they  brouglit  the  various 
products  of  those  countries,  among  which  may  be  mentioned  gold,  wliich 
liad  apparently  been  originally  derived  from  the  washing  of  the  Uraliaa 
deposits.    This  Black  8ea  commerce  sccras,  however,  to  Imve  been  event- 
ually abandoned  for  tJie  more  profitable  Spanish  trade,  and  on  the  with- 
drawal of  the  Phoenicians  from  the  Eiixine,  the  Greeks  occupied  their 
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I>i)Kov*n-of  P^*'^*^  Meantime  the  enterprise  of  the  Tyrian  fiailors  had 
tiMsSina'wof  carried  tliem  through  tlie  Straits  of  Gibraltar,  and  enabled 
*  tlicm  to  have  dinict  access  with  the  tin  and  anibcr  countries 
without  (he  intervention  of  any  overland  trattic.  It  was  doubtless  tbo 
discovery  of  this  outlet  to  t!ic  Atlantic  which  led  to  the  destruction  cf 
the  Gaulish  trade  in  tin  and  tlie  German  trade  in  amber.  So  greatly 
was  this  latter  substance  prized,  tliat  the  overland  commerce  in  it  had 
many  ramifications  :  thus  amber  was  carried  into  Italy  by  the  Etruscans, 
who  had  a  sacred  road  under  the  protection  of  the  adjacent  tribes  to  the 
Baltic  Sea. 

With  their  commerce  the  Phoenicians  disseminated  a  knowlc<3ge  of 
many  inventions  peculiar  to  tliemselvcs,  among  which  may  be  mentioned 
tlie  use  of  stamped  metallic  coinage.  Their  great  African  colony*  Ca> 
thiige,  exerted  in  these  movements  eventually  a  more  powerful  intluence 
than  even  llie  parent  countr}'. 

Emulating  the  enterprise  of  the  Phoenicians,  the  Greek  mariners  on* 
dcrtook  expeditions  both  to  the  east  and  to  the  west,  succeeding,  as  we 
have  seen,  in  establishing  themselves  on  the  shores  of  the  Kujcinef  and 
eventually  passing,  under  Colceus  of  Samoa,  througli  the  Straits  of  Gib- 
raltar into  the  Atlantic  Ocean;  but  even  up  to  the  time  of  the  Mace- 
Tlf;  Jliicetloni-  doniaii  cxfjcdition,  their  geographical  ideas  were  verj'  crude 
ail  campaign,  and  full  of  cnors.  Of  the  expedition  of  Alexander,  Hum- 
boldt remarks  that  it  pnrtook  as  much  of  the  character  of  a  scientific  as 
of  a  military  undertaking,  and  lis  consequences,  both  immediate  and  re- 
mote^  upon  Enro|)e  can  scarcely  be  exaggerated.  That  great  commander 
surrounded  himself  with  whatever  talent  was  to  l>e  found  in  Greece,  and 
made  his  military  successes  for  a  time  subservient  to  the  science  of  his 
native  country.  It  was  through  this  tliat  .\ristotlc  obtained  that  com- 
manding influence  which  not  only  gave  him  an  authority  over  the  active 
mind  of  his  own  times,  but  wliich  was  felt  even  until  the  introiluction  of 
the  Baconian  system  of  philosophy.  The  campaigns  of  Alexander  doub- 
led the  geography  of  the  Greeks  in  longitude,  opened  to  tJieir  investi- 
gation new  countries  even  to  the  tropics,  brought  them  acquainted  with 
races  of  men  who  had  been  the  depositaries  of  science,  as  ii  then  existed, 
for  thousands  of  years,  and,  in  short,  added  Asiatic  to  Grecian  knowl- 
edge. It  is  a  significant  fact  that,  after  the  taking  of  Babylon,  Alexander 
sent  to  Aristotle  a  series  of  astronomical  observations  reaching  buck 
through  1903  years. 

The  Macedonian  expedition  not  only  made  a  profound  impression  on 

Rettorjitlon  of  *^**  European  riiind  by  its  immediate  results — its  influenoe  is 

monarchy  Id     equally  paljmblc  in  its  remoter  consequences.     It  would  bo 

^^*''  impossible,  in  such  a  sketch  as  this,  to  do  justice  to  that  great 

event  in  nil  its  details ;  for  nations  can  not  be  thus  brought  in  contact 
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without  prodigious  mental  results,  the  extinction  of  old,  and  the  appciir- 

ance  of  new  ideas.     But  of  the  influences  which  thus  aro^c,  there  is,  how* 

ever,  one  which  deserves  to  fasten  cur  attention,  and  the  more  so  since 

we  have  liad  already,  and  shall  liavc  again,  the  occasion  tor  alluding  to 

it.     It  was  the  estahlishmcnt  of  a  regal  govcrument  in  Egypt.     Under 

the  IHoleniics,  who  may  l>c  truly  characterized  as  the  most  „     , 
.„.,.,.:.,'.  ,  iiicltoipHiiw. 

imistnou3  kings  oi  antiquity,  that  ancient  country  recovered 

her  pristine  glorj*.  Among  the  works  .iccoinplishcd  by  theiic  great  men 
may  be  mentioned,  as  examples  of  their  high-toned  [Wicy,  the  sending 
out  an  exploring  expedition  to  equinoctial  ^Vfrica;  the  estahlishnient  of 
xoenageries  and  zoological  gardens  at  Brnchiuni;  their  attempts  at  dutenn- 
ining  the  cau.se  of  the  overflow  of  the  Nile;  the  library  at  Alexandria; 
the  museum  at  Hbakotis ;  the  measurement  of  a  degree  on  tho  eartli's 
surface  between  Alexandria  and  Syene ;  the  ascertaining  of  tlie  prodigious 
distance  of  the  region  of  tiie  tixed  stara ;  tho  recognition  of  the  motion 
of  rotation  of  the  earth  upou  her  axis,  and  of  her  translation  arotmd  tho 
stui ;  the  precession  of  tho  equinoxes ;  the  attempt  at  constructing  a  map 
of  the  world  by  the  aid  of  dc^jccs,  bafied  on  lunar  obsen-ations  and  on 
shadows;  the  improvement  of  the  methods  of  astronomical  observation 
by  the  invention  of  water-clocks,  and  instruments  for  the  more  accurate 
measurement  of  angles.  iVlong  with  these,  Buron  Humboldt,  in  bis  Cos- 
mos, has  enttmemted  many  other  philosophical  works  of  the  I'tolemiea, 
which  exerted  a  prolbund  intluence  both  u]x>n  the  knowledge  and  intel- 
lect of  Europe.  Greece  now  re|>ttid  what  she  liad  formerly  borrowed ; 
her  schools  of  pliilosophy  were  translated  to  iVlcxandria,  and  the  great 
names  of  Knclid,  ApoUonius,  and  Archimedes  testify  to  tho  retturu  of 
ihf'se  ages  to  exact  science. 

The  decline  of  Greece  and  her  final  absorption  into  the  Boman  em- 
pire was  the  necessaiy'  consequence  of  her  mode  of  life.  In  DnJUie  of 
policy  as  in  philosophy,  her  essential  tendency  was  to  sub-  riw"f iheRo- 
divi^ion,  and  therefore  to  weakness.  In  her  external  rcla-  m*"  cmptn. 
tions  she  had  ever  been  far  more  closely  connected  with  Asia  than  with 
Europe.  For  a  long  time  she  was  little  more  than  an  outlying  territory 
of  Persia,  re.sjK^cting  and  feaiing  the  highly-civihzed  nations  in  her  fronts 
but  scarcely  concerning  herself  with  the  barharians  at  her  back.  Very 
difierent  was  it  witli  lionie,  her  great  supjilanter  and  successor,  who, 
thoroughly  European  in  her  whole  hiatorj',  exercised  an  active  inlerven- 
tion  in  tho  afiairs  of  adjacent  nations — an  influence  perpetually  felt 
through  Spain,  Cicrmany.  Gaul,  and  Britain. 

It  is  diilicult  to  estimate  fully  the  influence  of  the  Roman  eni]>irc  on 
the  intellect  of  Europe.  Its  iwwcr  lay  not  in  the  origination  of  wlrnt  was 
new,  but  in  the  development  and  dissemination  of  what  was  derived  from 
other  Boorccs,     The  contributions  of  tlic  Koraan  emperors  to  the  stock 


of  iwsitive  knowledge  bear  no  kind  of  comparison  to  that  of  the  Ptole- 
mies just  mentioned ;  indeed,  their  works  have  reference  chiefly  to  nulitary 
purposes  und  materi^il  aggrandizement.  In  tfiis  manner  we  must  look 
upon  the  surveys  and  itineraries  which  they  caused  to  be  made  of  ii-aii- 
ous  parts  of  llic  empire.  Nevertheless,  tlirongh  their  influence  the  idea 
of  civilization  was  gradually  made  to  find  its  way  throngh  Central  aod 
Northern  Europe, 

TIic  function  of  Rome  in  our  history  is  very  (Ustinct.  From  small 
CeniToiizinft  beginnings  she  steadily  pursued  the  same  progress.  The 
pyicrd?*"'*^  conquest  and  absorption  of  town  after  town,  which  was  the 
Home.  history  of  her  earlier  times,  was  carried  out  in  the  annexation 

of  nations  in  her  day  of  strength.  From  tlic  moment  that  she  gained 
the  control  of  the  Moilitenancan  Sea,  which  was  the  grand  epoch  of  her 
life,  flhe  inexorably  forced  all  the  conterminous  nations  to  acknowledge 
Italian  centralization.  It  is  no  metaphorical  expression  that  shcbecniDe 
their  centre  of  gravity.  No  circumstance  could  occtir  to  hex  which  did 
not  instantly  influence  tliem  all.  As  far  more  than  nn  equivalent  far 
subjugation  and  loss  of  independence,  slic  made  tlicm  into  a  commoii 
race,  harmonizing  tlicir  actions,  and  giving  them  common  ideas.  The 
Roman  empire  was  the  organizing  agent  of  the  white  man. 

Tlic  acts  of  man,  though  they  may  have  the  aspect  of  free-will  as  rc^ 
gards  himself,  are  automatic  as  regards  the  race.  Uo  is  employed  in 
aciiicving  a  result  of  whicli  ho  is  utterly  ignorant ;  he  is  concerned  in  a 
work  of  the  ct^ccts  of  which  lie  is  unconscious.  He  is  like  a  bee,  which 
doubtless  experiences  a  certain  picasui'e  in  flying  from  flower  to  flower, 
the  gratification  of  an  obscure  desire  in  constructing  cell  after  cell,  its 
indi\-idual  delight  ministering  to  a  public  good  of  the  nature  of  which  it 
is  wholly  unconscious. 

In  such  a  manner  we  may  look  upon  the  career  of  the  Roman  with 
satisfaction.  He  was  pursuing  a  lite  of  evil  deeds,  and  accumulating  in 
his  great  and  dissipated  capital  the  sjjoils  of  wasted  provinces,  gratifying 
IiLs  wanton  luxuries  by  a  systematic  resort  to  war,  that  most  awful  of 
the  curses  that  afflict  our  race.  It  was  the  temporary  lust  of  liidividnal 
interest  that  he  was  pursuing.  Providence  was  bringing  out  of  it  a  uni- 
versal good. 

If  Rome  was  cruel  in  her  natlonol  acts,  she  wna  majestic  in  her  policy. 
The  fall  of  Fii.  ^''°  decimated  nations  tliat  she  might  bind  them  into  one 
ropeanpn^n-  family.  With  remorseless  vigor  she  extinguished  every 
""'  trace  of  inde|)endcnt  at^tion,  and  with  a  contradictory  but 

noble  liberality,  domesticated  the  worship  of  every  conquered  people 
round  the  Capitol.  There  was  no  god  whose  image  she  could  not  show, 
no  fjiith  of  which  elie  was  not  tlie  patroness.  It  may  8er\'c  as  nn  exam- 
ple oi  the  manner  in  which  her  policy  led  to  dctinite  results  of  whicli  she 
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was  unaware,  or,  if  aware,  of  tlic  lunnncr  in  whicli  the  strong  hanil  of 
Providence  inverled  iicr  designs,  that  by  tliia,  her  syatem  of  universal 
toleration  of  every  attcicnt  fuitli,  she  absolutely  destroyed  them  all. 
Brought  thus  to  bear  upon  one  another  at  a  common  central  point,  their 
contradictions,  inconsistencies,  fallacy,  and  emptiness  became  apparent. 
The  men  of  capacity  tirst  made  the  deteclion,  their  opinions  spreading 
by  degrees  through  society.  Well  might  St.  Chrysostom  say  that  tlio 
error  of  idolatry  vanislied  of  itself,  and  tJiat  paganism  seemed  in  his  day 
"  like  a  conquered  city,  whose  walls  were  overthrown,  her  lialls,  thcala's, 
and  public  buildings  consumed  by  6rc,  her  defenders  slain,  and  here  and 
thcxe  a  few  old  men  and  cliildrcn  lingering  among  tlio  ruins.  Even 
these  were  soon  found  no  more." 

It  ia  sometimes  said  that  the  Koman  empire  was  essentially  comjx>scd 
of  cities;  that  at  its  fall  its  fragments  were  cities ;  and  that  it  Id't  nothing 
to  posterity  hut  its  municipal  system,  Such  a  statement  is  not  true 
Its  legacy  was  of  a  iiur  higher  order.  It  left  tlie  religion  it  Imd  adopted, 
the  civil  law,  and  the  foreshadowing  of  the  great  deeds  that  might  be  ac- 
complished by  the  white  iiiau  organized  and  united.  To  tiiia,  in  a  more 
perfect  way,  the  affairs  of  our  times  are  still  conspicuously  tending.  We 
begin  to  hear  of  the  opinion  of  Europe,  the  public  law  of  Europe,  expres- 
sions which  are  gaining  each  day  more  and  more  significance. 

In  that  phantasm  agonal  exiiibition  which  wc  call  history,  events  give 
birth  to  events  as  in  dissolving  views,  tl>c  pliantoras  of  the  influ^n^ofn^ 
actors  staJking  one  after  anotlicr.  It  is  not  always  possible  empiw  in  it« 
for  us,  with  the  slender  iiilbnnation  we  possess,  to  determine 
the  time  of  origin  of  each  incident,  or  its  true  and  actual  bearings.  The 
secret  history  of  antiquity  is  almost  unknown.  Nearly  every  circum- 
stance in  tlio  decline  of  the  Roman  empire  was  fraught  with  im[x>rtant 
consequences  for  modern  times.  Among  the  more  obvious  facts  which 
attract  our  attention  are  the  dislocation  of  the  ccntro  of  the  empire  by 
the  translation  of  the  scat  of  government  to  Constantinople,  the  conse- 
quent acf{uisition  of  power  by  the  bishops  of  Rome  in  tho  AVc^t,  tlie  in- 
cessant emigrations  and  invasions  of  barbarians  from  the  North,  the  con- 
quests of  the  Saracens,  from  wliom  it  seemed  at  one  time  that  Europe 
would  hardly  escape,  and  that  the  threat  of  Kuza  would  come  to  pass, 
that  the  name  of  Mohammed  should  be  proclaimed  in  tho  Vatican ;  the 
consolidation  of  ecclesiastical  policy,  and  tlie  repeated  attempts  of  the 
Church  to  suppress  barborisni — attempts  so  signally  successful  that  by 
the  end  of  the  eighlh  century  many  of  those  nations  had  written  systems 
of  law  ;  the  separation  of  the  Cireek  and  Latin  Churches,  the  tho  Pap*l 
different  phases  which  the  latter  assumed  as  she  was  afiected  Coven'M^rt- 
by  existing  circumstancc-s,  how  she  extricated  herself  from  an  almost 

rbarous  state  after  the  empire  had  failed  her,  how  she  asserted  the  in- 
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dependence  of  the  gpiritual  order,  how  she  kept  licr  grasp  upon  inankintl 
by  the  cstabUaiinicut  of  luouastic  iiistitutions ;  how,  after  the  death  of 
Cliorlemagtie,  wlio  liad  done  so  much  for  tier,  she  adopted,  the  fcadiJ 
Bystciii,  wliich  was  tJic  legitimate  offspring  of  barbariBtn ;  how,  as  knofft- 
cdgo  began  to  Bprcad,  she  tried  to  render  it  tributaiy  to  her  by  counc'dik, 
convocations,  federations ;  how,  tinding  it  likely  to  become  uncootroUable, 
she  took  the  alanii,  and  in  an  evil  hour  attempted  its  repreiision;  how 
for  a  little  while  she  became  the  autocrat  of  Europe,  and  in  the  plenitude 
of  her  power  so  greatly  forgot  her  duty  tjiat,  in  the  time  of  Leo  X,  it 
was  doultcd  in  Itomc  whether  the  soul  bo  immaterial  and  immortal, 
Erasmus  testifying  i^*ith  horror  tluit  he  heard  it  proved  that  there  is 
no  difference  between  the  soul  of  a  man  and  that  of  a  beast — of  a  truth 
it  was  said  that  the  Eternal  City  teemed  at  once  with  all  crime  and  all 
tlie  glories  of  art — how,  against  the  moral  and  intellectual  revolt  whicb 
she  encountered — tlie  licfomiatlon — the  Churcli  made  a  stand  by  the  wd 
of  the  (Society  of  the  Jesuits  and  the  establislunent  of  the  Lii^uisition, 
lu  •tirmtvt  oi  *"^'  ^'*^  *  quick  sense  of  her  true  position,  attempted  to 
»uii|.rc«4i»tf  guide  children  through  education  by  the  former,  and  to  check 
pbUowjiiiy.  jjj^^  ^^  ^jjg  tcrroia  of  the  latter ;  bow,  as  if  by  instinct,  she 
detected  the  antagonism  of  exact  science,  and  on  the  one  liand  published 
her  Index  of  prohibited  books,  and  on  the  other  allied  herself  with  ort^ 
cultivating  it  so  eminently  as  to  compel  even  her  enemies  to  confess  that 
aho  had  produced  true  miracles  at  last — iu  architecture,  sculpture,  paLut- 
ing.  music,  I'ius  IV.  was  justilied  iu  comparing  some  of  her  grand 
mosses  to  the  strains  of  Paradise. 

The  mistake  committed  by  the  Italian  government  in  thus  r.^  n^ 
the  comprcsaion  of  human  thought  was  in  its  imiwrfcct  appT'  f 

the  qualities  of  tho  European  mind  and  the  existing  philosophical  tend- 
ency. Up  to  a  certain  point  opinion  may  be  coerced  by  force.  It  ia 
altogether  u  vulgar  error  tlmt  ]>ersecution  never  attains  its  endj.  Iu 
nine  cases  out  often  it  does  attain  tliem,  provided  it  is  applied  with  suf- 
ticicnt  severity  and  for  a  sufficient  time,  as  is  proved  by  the  history  of 
almost  any  nation :  but  in  the  tenth  it  fails. 

Judging  from  the  experience  of  twenty  centuries,  for  that  was  nearly 
Failiir*  of  tint  ^^'0  poriod  during  which  the  Kuro(>ean  had  been  philajopluz- 
diieuipu  ing^  tiie  popes  were  justified  in  coming  to  tlie  conclusion  tlmt 

they  did.  Those  centuries  had  produced  no  pliilosopiiy  of  a  sure  and 
permanent  kind.  The  only  fruit  wliich  they  had  borne  was  the  mcta- 
phyaical  uncertainties  of  tlic  schools.  There  seemed  no  prospect  that  the 
human  mind  would  ever  do  more  than  Houuder  in  doubt;  that  sect  after 
sect,  and  doctrine  after  doctrine,  would  emerge  into  prominence  and  dissp- 
[lear.  In  sucli  a  state  of  things,  it  was  not  to  be  supposed  that  any  peril 
could  arise  from  attempting  to  control  opinion  by  authority,  and  to  cxtic- 
f^uish  the  spirit  of  inquiry  by  asserting  the  paramoun*  efficacy  of  faith. 
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In  tliiis  falling  to  recognize  the  fact  that  things  -were  coming  to  that 
condition  in  which  the  elements  of  certainty  and  absolute  philoaophical 
truth  would  Le  shortly  attained,  the  popes  committed  the  Church  to  an 
irreparable  error.  They  periled  her  authenticity  in  an  tuiequd  conflict. 
It  might  do  for  a  little  time  to  deny  and  denounce  the  globular  figure  of 
the  earth,  but  the  demonstration  of  the  truth  came  imisistibly  at  last ; 
and  so  with  the  doctrines  of  the  antipodes,  the  daily  rotation  on  an  axiA, 
and  the  annual  translation  round  the  sun.  It  eulianced  the  folly  of  these 
proceedings  that  they  were,  in  reality,  insincere.  Of  the  great  ccclcsiua- 
lics  there  probably  were  none  who  did  not  privately  admit  the  truth  of 
what  was  thus  coudcmneJ.  AVIicn  the  bark  Vittoria,  of  llagcUan'a 
sr^uadron,  made  tlic  first  voyage  of  circumnavigation  round  the  globe,  it 
was  a  high  Church  dignitary,  Cardinal  Contarini,  who  gave  the  true  ex- 
planation of  tho  circumBtancc,  then  first  remarked,  of  the  loss  of  one 
whole  day  in  her  reckoning.  Such  insincerity,  and  the  issue  of  theso 
and  other  like  questions,  could  end  in  no  other  way — they  sapped  the 
preatigo  of  the  Cliurcli.  How  diifcrcnt  would  it  liave  been  if  she  had 
taken  the  lead,  and  directed  the  human  mind  in  tiic  channels  liirough 
which  it  was  destined  to  pass,  instead  of  opposing  herself  as  an  obstacle! 
She  might  have  guided,  but  she  could  not  resist. 

It  is  to  be  remarked  tliat  the  men  who,  from  the  twelfth  to  the  sbc- 
tcenth  century,  distinguished  themselves  in  precipitating  the  TheRuform*. 
result,  were  mostly  ecclesiastics.  Kogcr  iJacon  m.iy  be  taken  ***"*• 
aa  the  fyiw  of  them  all.  Their  labors  had  no  little  connection  with 
the  Reformation  which  was  headed  by  Luther.  Thougli  we  are  accus- 
tomed to  regard  this  witli  the  most  profound  interest,  a  more  philosoph- 
ical view  of  the  state  of  things  may  perliaps  suggest  that  it  is,  in  real- 
ity, only  one  act  of  a  great  drama.  Wc  should  not  mistake  an  episode 
for  the  main  event.  The  Itcformation  soon  reached  its  full  expression 
in  dividing  Christendom.  Geographically  it  culminated  in  1648,  at  (ho 
treaty  of  Westphalia.  By  the  philosopher  it  will  ever  l»e  contemplated 
witli  unalloyed  satisfaction,  fur  it  asserted  as  its  chief  doctrine  the  right 
of  tlic  human  mind  to  judge  for  itself,  a  doctrine  so  un5|)rakably  precious 
as  to  make  of  no  account  the  inconveniences  which  arise  in  its  practical 
application  from  the  continual  multiplication  of  sects. 

In  the  history  of  the  European,  from  the  time  of  the  Emperor  Con- 
stantino to  the  cighteentli  century,  the  ecclesiastical  element  influ^occof 
so  greatly  preponderates  as  to  constitute  its  almost  essential  **"  Chri»UM 
icature;  ami,  after  ail,  it  is  impossible  to  do  justice  to  the  ropeaavtvUi- 
ciTects  which  ensued  on  the  establishment  of  Christianity,  "t**"- 
and  its  adoption  by  the  white  man  as  Iiis  religion.    The  civil  law  exert- 
ed an  exterior  power  in  Imman  relations  ;  this  produced  an  interior  and 
I  moral  cliangc.    The  idea  of  an  ultimate  accoiuitability  for  personal  decdj* 
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of  which  the  old  Europeans  had  an  indistinct  perception,  became  intense 
and  precise ;  the  Bentimcnt  of  universal  cliarity  was  exemplified  not  only 
in  in(li\-idual  ants,  the  remembrance  of  which  soon  passes  awav,  but  in  tlw 
more  pennancnt  institution  of  estaUishments  for  the  relief  of  aJlltctioQ. 
the  spread  of  knowks^ge^  the  propagation  of  tnitlL  Of  the  great  eeclesia»> 
tics,  many  had  risen  from  tlic  humblest  ranks  of  society,  and  the^e  men, 
true  io  their  democratic  instincts,  were  often  found  to  be  the  indexible 
supporters  of  right  against  might.  Kventualiy  coming  to  be  the  deposi- 
taries of  llic  knowledge  that  tlien  existed,  they  opposed  intellect  to  bnite 
force,  in  many  instances  successfully,  and,  by  the  example  of  tlie  organi- 
zation of  the  Churdi,  which  was  essentially  republican,  they  showed  how 
rcpreacnt alive  systems  may  be  introduced  inio  tlie  state.  Nor  was  it 
over  conununities  and  nations  that  the  Church  displayed  her  chief  power. 
Never  in  the  world  befure  was  there  such  a  systpni.  I'rom  her  central 
seat  at  Rome  he.r  all-si^eing  eye,  like  tlint  of  Providence  itsell",  could  equal- 
ly take  in  n  hemisphere  at  a  glance,  or  examine  the  private  life  of  any 
individual.  Her  boundless  influences  enveloi>ed  kings  in  their  palaces, 
or  relieved  the  beggar  at  the  monastery  gate.  In  all  Europe  there  wts 
not  a  roan  too  obscure,  too  insignificant,  or  too  desolate  for  her.  Sur- 
rounded by  her  solemnities,  every  one  received  his  name  at  Iier  altar;  her 
bells  cliimed  at  his  marriage,  her  knell  tolled  at  his  funeral.  She  ex- 
torted from  him  the  secrets  of  his  life  at  her  confessionals,  and  punished 
his  faults  by  her  penances.  In  his  hour  of  sickness  and  trouble  her  serv- 
ants flougiit  him  out,  teacliing  him  by  her  exquisite  litanies  and  prarcn 
to  place  his  reliance  on  Ciod,  or  strengthening  him  for  the  trials  of  life 
by  tlie  example  of  the  holy  and  just.  Her  prayers  had  an  efficacy  to 
give  repose  to  the  soul  of  his  dead.  When  even  to  his  frieuds  his  life- 
less body  had  become  an  offense,  in  the  name  of  God  she  received  it  into 
her  consecrated  ground,  and  under  her  shadow  ho  rested  till  the  groat 
reckoning  day.  i'rom  little  better  than  a  slave  she  raised  Iiis  wife  to  be 
his  equal,  and,  forbidding  him  to  have  more  than  one,  met  her  TCcompcfUB 
for  those  noble  deeds  in  a  firm  friend  at  every  fireside.  3)iaep»ntcnancing 
nil  impure  love,  she  put  round  that  fireside  tlie  children  of  one  mother, 
and  made  tiiat  mother  little  less  than  sacred  lu  their  eyes.  In  ages  of 
lawlessness  and  rapine^  among  people  bat  a  step  above  savages,  she  vin- 
dicated the  inviolability  of  her  precincts  against  the  hand  of  power,  and 
made  lier  temples  a  refuge  and  aanctuaiy  tor  the  despairing  and  opptrss- 
ed.  Truly  she  was  the  shadow  of  a  great  rock  in  many  a  weary  land! 
The  eivihzation  of  llie  Kuroi»can,  so  far  as  it  has  yet  advanced,  has 
been  accomplished  by  the  agency  of  many  diflerent  causes,  foreign  and 
domestic ;  but  among  all  these,  the  institution  of  the  Christian  Church 
stands  pre-eminent  by  reason  of  the  moral  power  it  exerted,  its  duration* 
and  the  social  bcnetits  it  has  conferred. 
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Out  of  tlic  nuraberleas  blessings  wliich  have  thus  been  conferred  on  otir 
race  by  the  Churcli,  the  physiologlal  may  be  permitted  to  ae-  ThftSabb»tli 
lect  one  for  remark.,  wliieli,  in  an  eminent  manner^  has  con-  '^y- 
duced  to  our  pliysicol  and  moral  wcU-being.  It  is  the  institution  of  the 
Sabbath  day.  Not  tliat  this  originated  with,  or  is  jieculiar  to  the  Chris- 
tian faith,  since,  as  is  known  to  all,  it  dates  ironi  the  remotest  times,  and 
was  directly  adopted  ft-om  the  Hebrew  ceremonial.  Its  sanctification  and 
enforcement  by  tlie  Churcli  was  at  once  an  object  important  in  tlie  high- 
est degree  in  ecclesiastical  polity,  and  a  boon  to  all  classes  of  men;  for 
in  whatever  position  of  life  we  may  be  placed,  it  is  needful  for  us  to  have 
an  opportunity  of  rest.  No  man  can  for  any  length  of  time  pursue  one 
avocation  or  one  train  of  thought  without  mental,  and,  therefore,  bodily 
injury — nay,  witliout  insanity.  Tlio  constitution  of  the  brain  is  such 
that  it  must  have  its  time  of  repose.  Periodicity  is  stamped  Kw^Bitvof 
upon  it.  Nor  is  it  enough  tliat  it  is  awake  and  in  action  by  i*""**!*  *>f  nso. 
day,  and  in  the  silence  of  night  obtains  rest  and  repair;  that  same  perio- 
dicity wliich  belongs  to  it  as  a  whole,  Wlongs  to  all  its  constituent  parts. 
One  portion  of  it  can  not  be  called  into  incessant  activity  witliout  the 
risk  of  injury.  Its  different  regions,  devoted  to  different  functions,  must 
have  their  separate  times  of  rest.  The  excitement  of  one  part  must  bo 
coincident  with  a  pause  in  the  action  of  another.  It  is  not  possible  for 
mental  equilibrium  to  be  nudntaincd  with  one  idea,  or  one  monotonous 
mode  of  Hfc.  There  is  a  necessity  even  for  men  of  great  iiitcJlectual  en- 
dowments, whose  minds  are  often  strained  to  the  utmost,  to  fall  back  on 
other  pursuits,  and  thns  it  will  always  bo  that  one  seeks  refuge  in  the 
pleasures  of  quiet  country  lifc^  another  in  foreign  travel,  another  in  social 
amusements.  Pitt  sought  a  relaxation  from  the  cares  of  politics  in  the 
excitement  of  the  chase  ;  Davy  found  a  relief  aud  consolation  in  the  rod 
and  line;  and  among  men  whose  lot  is  cast  in  the  lowliest  condition,  whose 
hard  destiny  it  is  to  sjicnd  their  wliole  live-i  in  tlie  pur.suit  of  tlieir  daily 
bread,  with  one  train  of  thought  and  one  unvarying  course  of  events,  the 
same  principle  imi^oriously  applies.  It  is  often  said  that  the  pleasures 
of  religion  are  wholly  prosjiective^  and  to  be  realized  only  in  another 
world ;  but  in  this  there  is  a  mistake,  for  those  consolations  commence 
even  here,  and  temper  the  bitterness  of  fate.  The  virtuous  laborer,  though 
he  may  be  ground  down  with  the  oppressions  of  liis  social  condition,  is 
not  without  lus  relief:  at  the  anvil,  the  loom,  or  even  the  bottom  of  the 
mine,  he  is  leading  a  double  existence — the  miseries  of  the  body  find  a 
contrast  in  the  calm  of  the  souL  the  warfiire  without  is  compensated  by 
the  peace  within,  the  dark  night  of  life  here  scr^'cs  only  to  briglitt-n  the 
glories  of  the  prospex:t  beyond.  Hope  is  the  daughterof  Despair.  And 
thus  a  kind  Providence  so  overrules  events  that  it  matters  not  in  what 
station  wc  may  be,  wealthy  or  poor,  intellectual  or  lowly,  a  refuge  is  al- 
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ways  at  liand,  and  llie  mind,  worn  out  with  one  thing,  turns  to  anotliiir, 
and  its  physical  excitement  is  followed  by  physical  repose. 

By  the  cnibrcenieiit  of  the  observance  of  the  Sabbath  the  Church  gaw 
iDJluonce  of  e^'cct  to  this  providential  system  of  physical  and  meatali^ 
public  worship.  Jigf.  I  have  already  said  tlmt  her  chief  strength  lay  in  this, 
that  she  concerned  herself  with  tlic  common  man,  who  never  in  the 
world's  liistory  before  had  had  any  to  watch  over  or  to  care  for  him. 
She  humani/:cd  him  by  the  duvotional  solemnities  of  a  sacred  day — i 
day  of  entire  relief  from  toil.  Ignorant  and  rude  though  he  might  lie, 
it  was  not  possible  for  him  to  enter  her  hoary  temples  without  being 
made  a  better  man,  Tlio  atmosphere  of  rest,  the  twilight  streaming 
throngjj  tlio  painted  windows,  the  prayer  in  an  uidtnown  tongue,  the  slow 
chanting  of  old  hymns,  or  tlio  swelling  forth  of  those  noble  strains  of 
music,  which,  once  licard,  are  graven  in  remembrance  forever — these  afac 
had  made,  with  more  than  worldly  wisdom,  the  elements  or  iueidcuta  of 
publio  worship.  She  gratilied  the  manly  sense  by  asserting  before  her 
altar  the  equality  of  all  men,  by  making  the  vain  and  transitory  gradi- 
tiona  of  society  disappear,  and  by  teaching  the  lich  and  the  poor,  the 
great  and  the  humble,  their  common  dependence  on  the  mercy  of  God. 
Under  her  powerful  influence,  inarticulate  Nature,  as  if  spellbound*  seem- 
ed to  acquiesce  in  the  tranquillity  of  the  Sabbatli  day,  and  to  assnme 
nu  air  of  rest.  In  the  cottage  they  rose  at  a  later  hour.  The  father 
cleansed  himself  with  more  than  usual  care,  and,  if  it  was  the  coatom 
of  his  country,  sliaved  his  face,  perhaps  sadly  neglected  in  t!ie  interrcn- 
ing  week,  and  dressed  himself  in  his  better  clothing.  His  honest  pride 
found  a  gratilication  in  tlie  neatness  of  his  wife  and  children.  His  tabic 
was  more  bountifully  supplied,  his  heart  humanized  by  the  grateful  re- 
lief from  labor,  and  the  society  and  converse  of  those  dearest  to  him. 
Physically  and  mentally  he  rests,  and  by  tliat  rest  is  enabled  to  sustota 
the  cares  of  a  life  of  toil.  It  is  not  without  a  reason  which  we  may  turn 
to  our  proiit,  that  the  Scriptures  liave  placed  upon  lasting  record  that 
the  Great  Head  of  the  Chuicli  has  taught  us  both  by  precept  and  personal 
example  how  to  use  this  day;  and  that,  for  the  sake  of  the  many  gen- 
erations of  laboring  and  weary  men  who  were  to  follow  liiin,  he  inflexibly 
resisted  every  attempt  at  encroaclmient  upon  it  by  the  grim  bigots  and 
Iij*pocrite3  of  his  times. 

Though  liome  did  little  for  Europe  in  the  production  of  knowledge, 
■]  1  *^®  *^^^^  sened  its  interests  well  in  the  most  vital  respects. 
She  gave  it  Iut  system  of  law  and  hei'  religion.  With  the 
introduction  of  Roman  usages  among  barbarians  came  tlie  Homan  law, 
modifying  or  abrogating  the  existent  imperfect  polities.  To  a  consider^ 
able  extent,  its  spread  was  due  to  the  inBuence  of  the  ecclesiastics  and 
the  wants  of  the  rising  municipalities. 


The  influence  exerted  by  the  Homan  empire  on  the  Boci^d  condition  of 
Europe  in  the  two  ]>articulars  to  which  reference  lias  been  .  .  ce  tth 
inadet  tlio  introdaclion  of  the  civil  law,  and  the  establish-  Moinunraedaoa 
ment  of  the  Christian  Church,  occurred  in  the  period  of  ita  °"  ^'-""P** 
(lecline,  and  was  therefore  contemporaneous  with  the  spread  of  Moham- 
medanism through  tJic  north  of  ^Vfrica,  and  the  occupancy  of  Spain  by 
the  jVrabs.  To  a  very  considerable  degree,  the  pmctical  character  wluch 
European  tliought  has  cxliihited  in  later  centuries  is  to  be  attributed  to 
the  Arabians,  who. have  justly  been  termed  the  founders  of  pliyaical  sci- 
ence ;  for  though,  through  them,  the  literature  of  Greece  was  intro- 
duced into  Western  Europe,  the  writings  of  Aristotle,  for  example,  being 
made  known  tlirough  an  jVrabic  translation,  they  imparted  lo  what  they 
thus  gave  their  own  particuhir  impress.  Being  the  first  founders  of  or- 
ganized institutions  for  the  cultivation  of  medical  pursuits,  answering 
completely  to  our  modem  medical  colleges,  tliey  attached  to  those  pro- 
fessional studies  their  own  peculiar  methods.  It  was  therefore  in  (his 
way  that  botany  and  chemistry  wt'xe  i>artiouUirly  cultivated,  be-  Th„  Xn't* 
cause  they  were  regarded  as  tfic  foundation  of  filatcria  Medica,  «Ik>oIi. 
Humboldt  remarks,  that  while  the  Europeans  have  been  disposed  to  con- 
nect the  physical  sciences  with  theology,  tlie  Arabians  coimected  them 
vrith  medicine,  and  that  tluxjugh  their  medical  colleges  they  ruled  the 
Christian  schools,  who  looked  up  to  Aviccnna  and  Avcrrocs  as  the  great 
authorities  on  these  subjects,  'i'hc  most  important  applications  of  the 
matliematical  sciences  to  the  purposes  of  life  were  made  by  the  Arabs, 
Of  this  it  is  fiulBcient  to  mention  the  introduction  of  the  notation  of  arith- 
metic and  many  instruments  of  navigation,  the  former  not  only  fur- 
nishing an  invaluable  aid  in  the  computations  required  by  the  wuits  of 
a  commerce  which  reached  from  the  north  of  Europe  to  Madagascar,  and 
from  the  Atlantic  islands  to  China,  but,  what  was  of  even  more  import- 
ance, in  the  progress  of  mathematical  science  itself,  the  latter  through  the 
aid  aHbrded  in  astronomical  observations  permitting  tlie  successful  ac- 
complishment of  voyages  in  scaa  which  even  to  ttiat  time  bad  been  little 
frcqtiented. 

It  would  extend  this  chapter  unduly  if  we  were  to  enter  into  any  de- 
tail of  the  special  contributions  of  the  Arabs  to  the  stock  of  Eu-  A«ii<iiicov- 
ropcan  kjiowlcdge.  It  may,  however,  be  brielly  remarked,  that  *^**- 
we  owe  to  them  our  system  of  universal  arithmetic,  and  even  the  title 
under  wliicli  it  now  passes,  algebra.  Their  discovery  of  the  strong  acids, 
nitric  sulphuric,  and  also  acjua  regia,  constitutes  an  epoch  in  chemistry. 
The  cultivation  of  that  science  also  was  stimulated  in  no  small  degree 
by  tlieir  attempts  at  the  transmutation  of  the  baser  metals  into  gold,  and 
the  discovcary  of  the  means  of  indefUiitcly  jjrolonging  life — the  philoso- 
pher's Btonc  and  the  cli^  vit^e.     in  the  science  of  optics,  tlic  work  of 
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Alhazcn  on  refraction  demonstrates  their  cultivation  of  tlie  uictliods  ol 
phyaical  experiment  and  observation,  and  their  application  of  the  pendu- 
lum to  the  measurement  of  time  is  even  yet  ackuowlcdgcd  to  be  the  most 
perfect  contrivance  for  that  purpose. 

In  estimating  the  value  of  the  influence  which  the  Mohammedans  ex- 
erted ujion  the  European  mind,  we  recognize  its  specific  siiuiJarit)*  to 
that  which,  more  tlian  a  thousand  years  before,  liad  been  communicated 
from  the  schools  of  Egypt  under  its  Macedonian  kings,  and  even,  still 
centuries  before  that,  at  the  time  of  the  opening  of  tlio  Egyj>tian  ports. 
In  all  three  cases  the  tendency  imjmrted  was  to  the  cultivation  of  the 
physical  flcienccs,  tlien  in  Ihcir  infancy,  nnd  thereby  to  tlic  increase  of 
the  niatcrial  power  of  the  race.  Jn  a  very  sliort  time,  inventions  which 
have  been  of  the  utmost  importance  made  their  appearance,  such  as  gun- 
powder, the  mariner's  compass,  and  various  optical  instruments.  It  is 
of  no  moment  whether  tlicsc  were  introduced  by  the  enterprise  of  the 
Arabs  from  Asia  or  whether  they  were  of  indigenous  ori^n ;  there  can 
be  no  doubt  that  the  intellect  of  Europe  had  reached  tliat  peculiar  phase, 
and  the  tendency  of  thought  was  in  that  particular  direction  that,  even 
if  these  discoveries  Iiad  not  been  communicated  from  abroad,  they  would 
very  soon  have  been  made  at  home. 

The  jMohanmicdnn  attacks  on  Europe  were  retaliated  by  the  Crusades. 

__  These  strancc  wars,  into  which  the  white  race  plunced,  wew 

Tlio  Crusades.   -       .  ,  .^     ,      ,,  ,     ,     *  .  ^ 

mstigated  by  the  unman  government  toward  the  close  of 

the  eleventh  century,  and  were  followed  by  consequences  wluch  thdr  pro- 
jectors never  expected.  They  precipitated  barbajion  Europe  upon  .Vsin, 
under  the  pretense  of  rescumg  the  Savior's  tomb  from  the  infidel,  but  m 
reality  to  keep  back  the  threatened  tide  of  Saraeenie  invasion,  and  to  di- 
vert from  Italy  the  restless  niilltarj*  .spirit  that  was  every  where  engen- 
dering. Xo  other  motive  than  the  one  tlius  ostensibly  put  forth  could 
have  brought  tlic  ferociously  independent  hordes  of  Europe  to  act  to- 
gether. It  had  been  well  if,  in  ancient  limes,  tlie  emperors  had  been  m 
{XJssession  of  so  useful  a  device ;  it  might  have  saved  the  eity  from  some 
sieges  and  sacks.  As  it  was,  the  turbulent  stream  was  thron'n  upon  the 
Byzantine  monarclis  to  their  utter  perjdcxity.  The  Saracens  received 
it  with  amazement.  The  ostensible  causes  which  had  set  in  motion  such 
a  countless  rabble  of  stupid  barbarians  were  absolutely  incomprehensi- 
ble by  them.  In  their  invasions  of  Europe  tiiey  had  carried  the  light 
of  such  science  as  they  possessed,  but  in  this  counter  invasion  of  A^a 
they  were  repaid  with  t!ic  most  besotted  ignorance. 

The  Crusaders  found  that  the  intidel  (hey  had  eome  so  far  to  encoun- 
liiHuenmofdifl  '^^  wltliout  provocation  was  valiant  and  polished,  in  many 
CruMdnou       cases  merclfid  nnd  just.     Their  ideas  of  the  Asiatics  undo 
went  a  great  change  after  they  had  been  in  contact  with 
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then)  for  a  time.  Those  who  lived  to  return  to  thcii'  homes  from  the 
successive  cxi>c<lltion3  sprcail  nUroad  a  more  culargcd  and  correct  con- 

■  ception  of  Oriental  countries,  events,  and  men,  tlie  influence  of  which 
was  not  lost  to  civilization.  In  his  imj)riB0umcnt  in  the  fortress  of 
Bicrstciii,  the  lion-hcartctl  Ilicliard  of  England  doubtless  reflected  that 

I  there  was  raorc  honor  in  the  intidcl  Saladin  than  in  many  a  Christiau 
king.     It  has  not  escaped  the  observation  of  historians  tliat  the  frequent 

t  communication  which  tlicso  events  established  between  all  parts  of  Eu- 
rope and  the  Italian  court  served  often  to  disturb  the  sentiment  of  piety. 
Tlic  visitors  at  Uonic  saw  things  wliicli  liad  been  better  concealed.  Their 
nnaflecteJ  simplicity  was  shocked  by  the  dissipation  and  iiumoraIitic3  in 
liigh  places.     They  carried  the  slLumcful  story  to  their  homes. 

Among  tha  unexpected  and  lasting  advantages  arising  from  the  Cm- 
satlcs,  not  one  of  which  had  been  contemplated  by  tlie  Ital-  xj^-ant^-pa 
ian  court,  tnay  be  enumerated  more  cnUirged  and  litieral  views  Jerivt-a  from 

I  of  foreign  nations,  and  the  importation  of  Asiatic  discoveries.  ^  "  V  ** 
From  the  remote  parts  of  that  continent  embassadors  came  to  Italy,  and 
enterprising  European  travelers,  like  lilarco  Polo,  wandered  in  retiu-n  all 
over  it.  In  this  manner  the  knowledge  of  the  mariner's  compass  was 
obtiincd.  From  having  Iwmicd  to  employ  their  ships  in  warlike  expe- 
ditions, the  Western  nations  were  induced  to  enter  on  that  career  of  mar- 
itime commerce  which  soon  led  them  to  the  discovery  of  America  and 
the  doubling  of  the  Capo  of  (iood  Ho]ie,  and  wliich,  in  these  times,  con- 
stitutes tlie  chief  feature  of  thoir  life.  Trade,  which  until  then  had  been 
I  overland  or  terrestrial,  became  maritime — a  change  important  to  tlio  last 
degree^  since  it  eventually  gave  rise  to  the  prodigious  development  of 
niaimfactnring  induistry.  Heavy  masses  of  goods  can  never  be  trans- 
ported by  caravans,  though  they  can  easily  in  ships.  The  geographical 
value  of  countries  was  changed.  Egypt,  for  instance,  lost  her  position, 
not  to  be  recovered  again  until  the  invention  of  the  locomotive,  which 
I  will  restore  land-transport  to  its  former  state.  ^VcaIth  poured  into  the 
maritime  states,  and  markets  were  sought  for  all  over  the  globe.     More- 

Iovcr,  the  separate  principalities  and  kingdoms  were  taught  to  act  in  xini- 
son,  and  the  idea  of  Europe — united  Europe — was  made  manifest.  Aa 
a  present  advantage  was  realized  the  downfall  of  tlie  feudal  system,  and, 
as  a  tlirect  consequence  thereof,  a  redistribution  of  the  population.  To 
tiiis  system,  in  its  flourishing  period,  some  have  been  disposed  to  impute 
many  benefits — that  it  originated  our  domestic  manners,  gave  birth  to 
.  the  sentiment  of  loyalty  and  honor,  cherished  iiidepcndencc,  and  elevated 
I  tbe  female  sex ;  but  these  arc  misconceptions  or  exaggerations.  In  the 
last  parlicuhtr,  the  advancement  of  women,  tlie  merit  is  strictly  due  to 

■  the  Church ;  for,  had  there  been  no  other  reason,  the  universal  prcva- 
I  lence  of  ilariolatry  tliroughout  Christendom,  by  diifusing  a  most  accept- 
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nblo  and  even  adorable  image  of  female  loveUness  and  virtue,  would  have 
led  to  tliat  result. 

But  far  exceeding  the  Cmsades  in  effect,  more  distinct  in  its  origin, 
D*  rtrv  of  *^**co  it  dircctly  resulted  from  the  tone  of  tfaonght  which  the 
AmfHcv'i.^r  Arabs  had  introdnccdT  lasting  in  tlic  inilucnce  that  it  has  cx- 
tbt  SpwiianU.  ^^^^^  j^,,^!  ^.yi  forever  oxcrt  on  the  destinies  of  the  white 
raoeiWaa  the  discovery  of  America  by  the  Spniiiartla  in  1492,  This  con- 
tinent, four  handled  years  belore,  had  been  visited  repeatedly  by  the  Ice- 
landers and  Norwegians ;  but  the  shores  they  discovered  being  less  hos- 
pitable and  leas  tempting,  their  expeditions  iinsu]>i)orted  by  a  {wwcifiil 
home  government,  and  the  results  littJc  attractive,  llie  very  remembranoe 
of  them  seems  almost  to  Iiave  passed  away.  Had  it  not  been  for  tbe  ^ 
magnetic  needle,  and  oUicr  instruments  of  na^-igation  introduced  from  tl^H 
Kast,  the  passage  of  the  tropical  Atlantic  could  never  have  been  acooi^B 
plished,  and  probably  would  never  have  been  attempted.  Moreover,  we 
must  not  overlook  the  fact  that  the  rapid  conquests  of  the  Saracens,  and 
even  the  Crusades  themselves,  had  introduced  a  largeness  of  conception, 
and  had  familiarized  the  public  mind  witli  undertakings  to  be  accom- 
plished in  regions  that  were  very  remote.  The  successful  return  of  Co- 
Iiunbus  from  his  first  voyage  found  all  Europe  ready  to  rush  iiiio  West- 
em  entei*prisc3,  and  this  event  may  be  truly  regarded  as  a  grand  epoch 
in  the  lii»tory  of  the  white  race,  since  it  more  than  quadniplcd  tbe  geo- 
gmphicnl  surface  over  which  they  miglit  spread,  and  presented  to  tlicir 
unmolested  occupation  climates  from  the  ci]uator  to  the  extreme  north 
and  Bouth. 

In  the  prodigtOQS  emigration  that  ensued*  Spain  led  the  way,  and  did 
Colonial  etn-  SO  to  hci  ruiu.  In  vain  she  received  and  scattered  over  £a- 
pirt  of  Sp*in.  j^pg  ijjQ  wealth  of  Mexico  and  Teru;  she  gave  in  oxcliange 
for  it  what  was  to  licr  of  infinitely  more  value — tlic  most  enterprising 
and  bravest  of  her  people.  The  drain  of  this  class  produced  an  eSect 
from  which  she  has  never  recovered.  It  left  her  ivithout  energy  and  im- 
becile. In  vain  she  founded  a  greater,  and,  for  the  time,  more  prospcnnLB 
colonial  empire  than  history  has  ever  recorded,  carrying  her  influenoei 
through  a  large  part  of  South  and  much  of  Nortli  America,  from  tlie  At- 
lantic to  the  Pacific  Ocean.  Ilcr  emigrants,  unable  to  n-ithstand  tlic  in- 
fluences of  a  tropical  climate,  and  intemaniages  and  connections  mth 
the  native  races  among  whom  they  were  thrown^  soon  lost  the  enterpriae 
that  had  once  distinguished  them,  and  the  descendants  of  the  Spaniard 
in  America  exemplify  at  this  day  the  universal  imbecility  that  is  exhib- 
ited in  the  mother  countr)'.  .  ^ 

In  her  pursuit  of  the  wcallli  of  America  Spain  was  a  fearful  oppress 
The  fail  oT  Om  Or.  Bartholomew  de  las  Casas,thc  Bishop  of  Chiapa,  to  um 
Si«nitii|>o»i>r.  1^3  Qy^  expression,  charged  her  '*betbrc  the  tribunal  of  the 
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Universe,"  with  destroying  more  tlion  fifteen  millions  of  natives  during 
Lis  time.  *'  The  acrimony  of  his  style  was  complained  of,  but  the  fact 
was  never  denied."  No  nation  can  practice  such  atrocities  with  impu- 
nity. Tlie  day  of  reckoning  may  Le  a  little  postponed,  tut  it  brings  its 
ine:£orahlc  verdict  in  the  end.  The  hroad  hand  of  an  overruling  Provi- 
dence is  at  last  plainly  discovered,  imposing  wth  an  nncrring  justice  the 
penalty  of  national  crime.  There  is  no  need  for  God  to  hasten,  he  has 
tho  centuries  and  eternity  to  work  in.  Even  now,  is  not  the  Spaniard  in 
the  hands  of  an  avenger  for  the  Indian  blood  that  cries  for  retribution 
from  the  silver  mines  of  Mexico?  For  the  failings  of  the  indi\'idual 
there  is  mercy,  but  in  the  ways  of  eternal  justice  no  mediator  is  provided 
for  the  crimes  of  society.  There  is  an  inBcxible  recompense  of  good  for 
good  and  evil  for  evil. 

The  step  which  the  intellect  of  the  white  man  has  made  since  the  Ref- 
ormation is  vcrj'  strikingly  discerned  by  comparing  the  nat-  Tieiaic-nun. 
oral  philosophy  of  the  fifteenth  with  that  of  the  nineteenth  cen-  taJ  cli«nge»  in 
tury.  Its  passage  to  its  present  condition  has  been  mark-  "*^' 
cd  by  a  continual  casting  away  of  tlie  inar\'eloa3.  It  is  almost  impossi- 
ble for  03  now  to  idealize  tlic  fictions  which  occupied  the  minds  of  our 
predecessors.  To  jKinctrato  "the  secrets  of  nature"  is  with  us  a  meta- 
phorical expression ;  with  them,  a  jwrtentous  and  solemn  reality,  most 
readily  accomplished  by  the  help  of  familiars  and  imps,  whose  acrvicos 
might  be  secured  by  forbidden  enchantments.  The  laboratory  of  an  al- 
chemist was  ill  furnished  wltich  did  not  possess  in  the  shape  of  an  un- 
gainly and  deformed  dwarf  such  an  aid,  and  who,  if  not  the  incarnation. 
of  a  devil,  was  at  least  possessed  by  one.  Operations  for  the  discoveiy 
of  the  philosopher's  stone,  the  powder  of  projection,  and  cUxir  of  life, 
were  necessarily  commenced  by  exorcism,  invocations,  and  a  favornblo 
aspect  of  astrological  combinations.  Tliere  wore  seven  planets,  and  also 
seven  metals,  and  the  guiding  spirits  which  resided  in  the  former  exer- 
cised their  in6uencc  over  the  latter,  communicating  to  them  their  specific 
virtue:*.  Tho  expressions  have  lost  their  significance,  tliough  they  have 
descended  to  our  times,  when  we  call  a  certain  metal  mercury,  and  a  salt 
lannr  caustic. 

As  Jlr.  D'lsracli,  in  his  "  Curiosities  of  Literature,**  remarks,  whoever 
had  been  a  witness  of  the  miracles  of  these  philosophers  might  well  bo 
prepared  to  beUcve  any  of  their  declarations.  He  who  had  visited  tho 
dark  clmmbcr  of  Baptista  Porta,  and  seen  witii  his  own  eyes  its  fairy 
but  inverted  landscapes,  its  fields,  and  rocks,  and  rivers,  and  the  moving 
forms  of  men  and  animals  in  their  proper  colors  and  indescribable  charm 
of  light  and  shade,  the  clouds  and  sky,  the  magical  spectres  of  things 
which  the  fingers  could  not  grasp,  a  jwrfect  but  artificial  day-dream,  might 
surely  feel  justified  in  also  believing  in  the  encliantcd  mirror  upon  which. 
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if  a  man  looked,  he  woiild  fmd  reflected  all  the  future  events  of  his  life. 
Ko  who  had  seen  the  phoutuamagoria  cast  upon  smoke  iu  these  myste* 
rious  khoratoriea,  now  so  little  that  the  cyo  could  scarcely  discern  ihcir 
form,  and  now  expanding  to  a  gigantic  stature  and  rushing  forth,  was 
duly  prepared  to  credit  the  legends  of  brazen  men  who  could  speak  anil 
even  prophesy,  nay,  whose  limbs  would  continue  to  grow  unless  the  de- 
mon that  possessed  them  wa^  cast  out.  A  vial  of  tliat  lA'hich  we  cill 
aininonin-,  the  mere  smelling  of  which  can  recall  one  from  a  swoon,  inis 
a  very  fair  earnest  of  the  elixir  of  life.  No  prodigy  was  loo  great  to  be 
TjcUcvcJ.  As  iu  dreams,  nothhig  was  too  impossible,  nothing  too  con- 
tradictory. Men  who  could  mnko  tlicmselves  invisible  even  without  the 
romantic  aid  of  a  ring;  incombustiblo  sages  who  could  wash  themselfcs 
in  melted  copper,  and  sit  at  their  ease  in  flaming  straw ;  alchemists  in 
possession  of  the  philosopher's  stone,  hut  their  stomachs  as  enipt y  as  tlicir 
bellows  ;  monks  eaiTying  about  fairies  shut  up  iu  glass  vial.s,  into  winch 
Gimdtud  diMp-  ^^^y  '^^'^  ^^^  dccoycd  bv  distilled  dew ;  salamanders  whidi 
pearancuuf  va*-  liad  bccu  engendered  in  a  fire  maintained  without  ever  go- 
^'  ing  out  tor  forty  yfiars ;  a  rain  in  Egypt  in  which  there  fell 

nmltltudes  of  little  men  of  less  tlian  one  span,  clothed  in  black  garments. 
and  with  mitres  like  bisliops:  theac  were  all  facts  in  the  phllosophr  of 
tliat  day.  The  explosions  and  choke-clamp  of  mines  were  not  discutAD- 
glcd  from  spectres  and  tkces  of  abominable  appearance  which  had  been 
seen  in  those  subterranean  solitudes  by  numberless  witnesses  until  the 
dawn  of  pneumatic  clicmistry.  Tlie  palingenesis,  or  resurrection  of  rosea 
and  apparitions  of  flowers,  so  acceptable  in  doctrinal  tlieology,  continued 
to  bo  received  until  crystallography  was  cultivated.  These  wonders  have 
all  passed  away. 

The  charucter  wliich  marks  this  ciiangc  Is  the  gradual  dropping  of  mys- 
tery and  the  siipcrnntiu*al.  The  same  career  is  followed  from  infancy  to 
maturity,  both  in  the  individual  and  in  society. 

It  is  not  necessary  to  pursue  any  further  this  historical  outline.  It 
would  bring  us  to  events  which  can  scarcely  be  spoken  of  vrilh  cora-cl- 
ncss  and  impartiality,  ou  account  of  their  nearness  to  our  own  limes. 
I  lore,  tbereforc,  we  may  pause,  to  collect  such  inferences  and  present  audi 
reflections  as  the  facts  we  have  ollered  suggest. 

It  may,  tlicn,  be  obscr\ed,  that  tlic  old  white  inhabitants  of  Europe 
Physiolocieai  ^^^^  "^*'  "^^*  ^^  commence  llieir  civilization  from  their  own 
change  of  Eu-  interior  resources,  but  were  thrown  into  that  career  by  the  cx- 
"pt^*""-  ample  and  aid  of  a  more  southern  and  darker  people,  wliose 

climate  was  more  favorable.  The  artificial  change  which  spread  by  de- 
grees over  Europe,  tlirough  the  introduction  of  more  comfortable  modes 
of  life,  at  last  compensated  for  the  natural  climate  defect,  and  the  Euro- 
pean entered  on  the  course  of  advancement,  xindcrgoing,  as  we  have  seen 
in  the  last  chapter,  a  physVcsi  as  wdV  aa  a.  \i\ental  change. 
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m  Contemporaneous  with  the  commencement  of  this  physiological  and 
I  psychical  change  was  iho  introduction  of  a  mctho<l  of  record  K^ajiof^j, 
B  by  ^(Tiling,  which  at  once  aided,  in  the  most  marked  manner,  ititnxiuetioaof 
the  dissemination  of  this  improving  condition,  especially  by  *  *•" 
leading  to  tlic  consolidation  of  society  through  the  introduction  of  durable 
systems  of  law.  By  this,  the  influence  of  men  and  of  generations  was 
indeiiuitely  extended.  The  opinions  and  thoughts  of  those  times  have 
ftctunlly,  in  many  instances,  descended  to  us,  Elsewhcro  wo  Iiavc  dwelt 
on  the  fact  that  these  eflccts  in  the  progress  of  humanity  ore  foreahadow- 

■  od  and  illustrated  in  the  course  of  Indindaal  development.    A  high  psy- 
P  chical  condition  demands  as  its  essential,  both  in  tho  individual  and  in 

the  race,  a  mechanism  of  rcgistrj*. 

■  From  the  preceding  imperfect  narration  yre  may  moreover  gather  tliat 
the  progress  of  civilization  in  Kuropc  has  not  been  in  the  way  omtrooriniH. 
of  a  difi'usion  from  a  central  point,  but  that  tlierc  has  been  a  '"^'^  '^^  Euroiw. 
sliiiling  of  the  centre  of  intellect.  For  a  length  of  time  it  was  in  Greece; 
then  it  passed  to  Italy ;  in  our  times  it  is  still  more  to  the  west.  In  a 
philosophical  resjxx't,  the  result  of  ilohammedanism  on  Kurojic  has  been, 
through  the  introduction  of  physical  .'science  by  the  Arabians,  to  coalesce 
the  centre  of  intellect  and  the  centre  of  force.     ITcnccforth  upon  that 

»  continent  physical  power  must  be  subordinate  to  intellectual. 
In  this  we  sec  what  is  tho  true  interpretation  of  the  influence  which 
Mohammedanism  has  exerted  on  Euroi>e — an  influence  which,  p^j-p^t  ^^  ^^ 
though  popularlv,  is  very  imworthlly  represented  as  an  oc-  ttamnie'Uiuptiu 
cupaiion  of  fepam  for  a  tew  centuries  and  the  capture  of  Con-  orintriicct  of 
Btantinoplc.     In  truth,  it  was  of  a  far  higher  and  very  dif-  ^-"'"i«- 
ferent  onlcr.     The  Koran  of  the  Arabians  failed  to  make  its  way  through 
Kurope,  but  it  was  very  dUferent  with  the  physical  science  of  the  Arabi- 
ans.    Its  spread  was  the  true  foundation  of  modem  national  power,  for 
it  at  once  occupied  itself  with  tlie  development  of  material  resources  and 
the  introduction  of  useful  inventions.     Tho  manner  of  thought  it  engen- 
dered lies  really  at  tho  basis  of  the  great  intellectual  controversy  of  our 
times.    The  translation  of  the  centre  of  intellect  from  Italy  to  the  West 
is  the  legitimate  issue  of  tlic  ^Moorish  invasion  of  Spain. 

As  regards  that  propensity  to  the  decomposition  of  every  thing  into 
its  constituent  elements  which  is  the  tendency  of  the  Euro-  Eamitof  tbc 
pean,  though  doubtless  it  has  its  disadvantages,  we  arc  not  ■""'.^ij^^'""'*- 
lo  suppose  that  it  leads  of  necessity  to  an  intellectual  chaos,  ropeu  mlad. 
Those  authors  who  view  with  dismay  our  present  state,  who  represent 
us  as  though,  both  in  polity  and  religion,  we  were  crumbling  to  picccs» 
and  tluit  the  multiplicity  of  opinions  and  sects,  which  are  ever  on  the 
increase,  is  the  precursor  of  a  universal  anarchy,  have  never  duly  con- 
sidered that  out  of  such  a  state  it  is  possible  in  an  instant  for  fijced 
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principles  of  order  to  emerge,  and  this  not  by  any  process  of  compression 
or  suppression,  but  spontaneously  in  the  natural  course  of  events.  In 
tlie  outset  of  tlua  brief  historical  description  X  hare  alluded  to  the  adop- 
tion of  alphabetic  writing  in  Europe  as  a  signal  illustration  of  the  menial 
peculiarity  of  the  inhabitants;  this  may  also  sen'e  to  moke  clear  tk 
paradoxical  assertion  timt  systems  founded  on  indefinite  sabdivision 
may  suddenly  free  themselves  from  complexity  and  become  simple  and 
perspicuous.  On  a  superiicial  consideration  of  tlie  thing,  one  might  im- 
agine tliat  to  decompose  articulate  sonnds  into  their  constituent  ayllablea, 
with  a  view  of  representing  those  syEables  by  symbols,  would  be  at- 
tended with  a  prodigious  complication,  and  tliat  such  is  the  case  the  CM- 
nese  have  found,  wlio  have  pursued  this  plan  in  its  details  until  it  is 
said  that  their  alphabet  contains  80,000  letters;  but  still  more  would  it 
be  supposed  tliat  if  those  syllables  were  in  their  turn  docompoeed  into 
tlieir  constituent  parts,  the  required  elements  would  be  utterly  unnum- 
ageable  by  reason  of  their  number,  and  the  art  of  writing  utterly  imprac- 
ticable ;  yet  do  wo  not  iind,  on  the  contrary — and  it  may  be  on  instmct- 
ive  lesson  to  us — that  when  the  decomposition  ia  thus  pushed  to  its  ei- 
treme,  instead  of  myriads  of  cliaractcrs  being  rr-<juired,  as  we  might  hare 
plausibly  expected,  an  alphabet  of  20  or  30  letters  is  all  we  want  ?  The 
state  of  opinion  in  ICuropc  is  illustrated  by  the  state  of  writing  in  Cliina. 

In  view  of  the  facts  presented  in  this  .ind  tlie  forgoing  chapter,  wo 
may  come  to  the  general  conclusion  tliat  the  extremes  of  humanity,  which 
are  represented  by  a  prognathous  aspect  and  by  a  complexion  eitiieri-eiy 
dark  or  very  fair,  are  equally  unfavorable  to  intellect,  which  reaches  its 
greatest  perfection  in  the  intermediate  phase ;  that,  even  in  the  condition 
wliich  was  presented  by  the  inJiabitants  of  Europe  three  tlioasand  ycata 
ago,  no  advance  in  civilization  was  possible,  save  by  first  accomplishing 
Co  d'tiofn  r  **"  absolute  physical  change  in  their  constitution  through 
Enropwuiim-  modifications  in  their  habits  of  life  equivalent  to  a  true  cli- 
prorcinent.  jj^^fQ  change — a  preparation  for  a  higher  mental  development 
by  an  nmeliorntion  of  their  condition  of  life. 

The  civilization  of  the  European  could  never  have  been  accomplished 
save  by  preparing  the  way  through  such  a  physical  cliangc.  It  followed 
that  change  in  the  manner  tliat  effect  follows  its  cause.  Its  incident  was 
the  transformation  of  the  fair  race  which  then  occupied  all  Europe  to  an- 
other of  a  darker  liue  ;  the  extinction  of  the  disappearing  people  )»ot  be- 
ing accomplished  by  such  means  as  an  extcnuination,  after  the  xnAuner 
in  whicli  tlie  North  American  Indian  is  dying  out,  but  by  a  slow  and  true 
metamorphosis  into  another  form. 

Advance  in  civilization  takes  place  during  such  n  metamorphosis.  Asia, 
Sitttionaryron-  which,  at  an  early  period,  must  have  exhibited  a  mental  d&- 
diiionorAsii.    velopmcnt  of  great  rapidity,  has  long  ago  become  stationaiy. 
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In  licr  physical  lii'e  there  is  no  cbangc,  and  licnce  none  in  her  intcUcct- 
naL  Her  wandering  central  Iribca  encamp  on  the  steppes  in  the  same 
felt  lints  lliat  their  ancestors  did  tvro  thousand  years  ago ;  her  southern 
people  never  vary  tlieir  customs.  Tliat  wliich,  in  a  philosoj)Iiical  respect, 
is  the  most  important  condition,  domestic  economy,  has  undergone  no 
kind  of  niodiiicalion. 

But  with  us,  how  different !  The  hardships  of  life  ha^-e  to  a  very  great 
extent  Lecn  removed,  and  we  are  familiar  with  a  degree  of  comfort  to 
which  our  predecessors  were  wholly  strangers.  Not  that  we  Iiave  been 
treed  from  all  trials  ;  it  has  only  been  an  cxclmnge  of  bodily  sufferings 
for  mental  anxieties.  Our  higher  condition  has  created  new  wants  and 
new  sources  of  pain. 

With  the  transformations  through  which,  as  a  race,  wo  have  passed, 
and  with  the  nssumption  of  that  analytical  mental  character  AdvBnticei 
to  wliich  I  liave  referred,  there  has  been  cained  a  capability  «riMii;,'from»n 
of  indchnitcly  moditymg  our  state,  and,  iJierefore,  of  improv-  mL-nij  cooju- 
ing  it.  It  is  this  which  pre-eminently  distinguishes  the  Eu-  '"tion. 
ropcan;  that  whatever  scientific  discovery  he  mokes,  or  whatever  inven- 
tion occurs  to  him,  he  forthwith  applies  it  to  economic  advantage,  and  is 
thereby  perpettially  impressing  a  change  on  his  own  fitatc.  In  tlii.i  re- 
spect, even  a  single  generation  often  suJiiccs  to  show  the  advances  wliich 
are  made.  We  have  only  to  recall  the  greatly  improved  means  of  loco- 
motion ;  the  instantunoouB  transmission  of  intclligenco  through  many 
thousand  miles ;  the  development  of  industrial  art,  and  the  rendering 
available  meclianical  powers  for  many  new  purposes,  which  liavo  been 
achieved  in  less  than  a  single  century.  Nor  does  there  seem  to  be  any 
possible  hmit  to  human  advance  in  this  path. 

Since  thus  the  mind  of  the  European  is  essentially  analytic,  his  ad- 
vance in  civihzation,  ns  it  were  in  a  geometrical  progression,  is  the  neces- 
sary consequence  thereof.  If  we  examine  his  career  in  subordinate  par- 
ticulars, it  illustrates  equally  his  mental  physiognomy;  it  is  the  same 
whetiier  we  look  to  his  passage  in  philosophy,  science,  poUtics,  or  religion. 
If  I  may  be  permitted  without  otl'cnse  so  to  say,  his  divei^ence  from  a 
single  fomi  of  faith,  the  springing  up  of  those  numberless  denominations 
and  sects  which  constitute  the  most  obser\'abIe  feature  of  his  present  rcy 
lig^ous  state,  is  a  residt  which  ho  can  not  help,  for  it  is  the  consequence 
of  his  organization.  Things  which  were  possible  in  the  eighth  century 
liad  become  impossible  in  the  new  state  of  the  sixteenth.  And  so,  too, 
it  is  in  his  political  relations. 

Herein  consists  the  superiority  of  the  analytical  over  the  syntlictical 
mind.  To  the  work  of  him  who  pulls  to  pieces  there  is  no  end,  but  lie 
who  puts  things  together  comes  to  an  end  of  his  task. 
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Atbnmvn. '^^1;  Iran  informal  ton  of,  into  fibrin. 

Atcractiot),  capillary,  104.                                         ^^H 

toil;  i|uantiiy  of,  121. 

Ai'i>iTORT   ilxcuAVtSM,   gencrol   view   of,           ^^H 

_    Albumintjsc,  61,  (A. 

■  Almbol.iuieor,  instipporiinghcat,20;  effect 

W       *>t  \'^i>  40Q. 

^H 

Aaditorv  muiwles  estimate  of  contraction  o^           ^^H 

367 ;  nerve,  361.                                                        ^^1 

Alexander,  expcdiiiaii  of.  020. 

Aorictes  of  heart,  138.  HO.                                         ^^H 

Alexandria,  tibrnry  uf.  Ij24. 

Australian,  563 ;  lurcstx,  474.                                      ^^H 

AlimiMil,  in'«i*-'i>iiy  for,  10. 

AutMiiiatn,  in)«ttit  arc,  KAi'i.                                         ^^^| 

Allantiiis,  'iA\. 

Anuituiitic  arc.  277,  2U3;  reytiten'ug,  £81.               ^^| 

Allotr<>iii'iin  of  bodicn,  189;  decay  depudi 

Awal(ci:iiii;,  553.                                                           ^^H 

on,:;4». 

Axmoim  on  uertcs,  263.                                          ^^H 

Alpha  luid  Beta  lactic  itcid,  75. 

^^H 

Alphabclic  irritiii);,  :ioH. 

^H 

AUcmalc  cuiiwinuMicMt,  330. 

Alicmnlion  of  irvnismtiuui,  514,  237. 

Bacok,  Roger,  C25.                                                  ^^| 

Ainlier,  trade  in,  6i;t. 

Ualaticc  between  beating  anil  cooling,  186«              ^^H 

Amclinrntion  of  re?m.  579. 

Bnrfa«ri«m,  (XH.                                                              ^^H 

Aincriin,  di*coveri'  of,  632  ;  spread  of  Chri^ 

Barral  on  ftx>d  distribution,  39.                                   ^^^| 

liiLDiiv  in.  fid8;  Iadtaiu,575. 

llotilar  view  of  9kall,  584-                                            ^^H 

Amnion,  5^f. 

BcAoroont  on  food.  6G.                                                 ^^H 

Atn|ihibin,  hlood  of,  121. 

Beeqnorcl,  ubio  from,  33.                                        ^^H 

K     AnalofiT  of  spinal  and  Tentral  cord.  308. 

Bee.  fonuation  of  fat  by,  249.                                     ^^| 

1     Analyticul  mind  of  Knn>i>caii,  fiD2 ;  advan- 

Beef,  dit^tibility  of,  6.^.                                              ^^H 

ft        ti«ix  of,  SIS,  tta5,  687. 

liell,  diarovoricji'of,  S5:),  298,  318.                                 ^^H 

H  Animal,  cupitlary  circutaticMi  of,  133 ;  beat 

Uenoke  on  hmpiial  diet,  35.                                     ^^H 

■       UlDBtrnted  by  locoiaotire,  187;  makes  fat, 

Bernard  on  di^*esiion,  76 ;  on  (ax,  71 ;  on  soU-          ^^| 

■        247;  motion,  431. 

va.  rj*i ;  on  li«er-$up;Hr.  208.                                   ^^^| 

H   Auimal  kingdom,  subdiviaioiu  of,  1 7tf. 

Bcmouilli,  principle  v(,  90.                                      ^^H 

640 


nimx* 


BcnefUoa  on  luetic  lu^d,  75;  on  peninntlon, 
240. 

Bibrn.  Von.  on  brain  fiw,  274- 

liidtlur  cin  «]1iiiminnicA,  39;  on  section  of 
(incnrin^iwlrir,  M. 

BidilL-r  mul  Si'litnidt  on  iutcstinal  juice,  C9; 
im  I'ilc.  70  ;  inblo  by,  7U. 

Bile,  sci-rotion  of,  70, 110,  SOS ;  coniiOBitioa 
of,  204  ;  rormcd  from  i-cnoos  Mood,  110,  i 
803;  foutvfts  of,'J02;  aitU  id  introdoctii); ' 
fill,  91 ;  vpirai  cnunv  of,  201;  change  by 
retention  of,  305  ;  ncriod  of  maximum  flow 
of, 'iOifi;  not  fonncd  in  tltu  liver,  206;  man- 
ner of  ramoval  uf,  ytJG. 

Bipolar  ncrvc-ccU,  S(>+,  2lW. 

Bird,  diftestivQ  tract  of,  M ;  respiration  and 
bcdl  u(,  169;  lAlkIng,  9u:i. 

Bi!(h(i|>  of  Cbiujw,  liifl  nccosalioD,  632. 

Black  pigment,  3^7. 

BlaclcScairade,  C19. 

Blaxtodcncic  voilcle,  <S2t, 
kBli([b  cm  Pclaginos,  580. 
rSi-oiji).  Ill ;  [iroperties  of,  112;  compoiiCioD 
of.  1 12  ;  toUil  ntnounl  in  body,  113;  cong- 
uiiuioo  of,  113;  bufly  ciMit  of,  1 14 ;  changes 
prodnced  in  by  revpiration,  12U,  12C  134 ; 
exertciott  of  carbonic  ocid  from,  I'M,  IG7 ; 
cluuigH  of  color  of,  1U9 ;  density  of,  1G9 ; 
Mhi  of,  114;  gaaM  of,  12^;  fuiictii>ii»  of 
eoMtitnents,  135;  couneof,  134  ;  distribu- 
tion of,  144  ;  gUndalor  chaoge  of,  190. 

Blood  of  splcvn.LM^. 

Blood-ccUs,  form  of,  115;  constitution  of, 
IIH;  origin  of,  94,  IIS;  destruction  of, 
209;  incrcaMof,  IS.I;  diminution  of,  ISA; 
short  life  of,  127;  rlmn^L-H  in  form,  117; 
cell  vrati  of,  is  fibrin.  1 1 T. 

Blood.  coIorlesH,  corpuicles  of,  ll*?,  120. 

BluuU  crystobt.  1 19. 

BlfKMlletUDK,  roductioD  of  tctnpcrotaro  by, 
184. 

Blood>TO»cU,  origin  of.  u28. 

Bluioenbach'i  method  of  vsamioing  (he  aknlt. 

Ban. 

Bono, 223;  vonrccsof, 227;  composidoUtSM; 

mxmth  of,  KWI. 
iBoiiito,  177. 
t  Bour»inj;auU  on  expinttioo,  39 ;  on  gtun,  73  i 

on  fat,  89,  3S9. 
Borista  ipgnntuiun,  89. 
Bim-man  on  kidney,  S23. 
Hmhniin,  fiia. 

llrnin.  313.    See  CcrcbmiD  tod  CercbeUmn. 
Brjtzcn  men,  ri34. 
Brend,  38 ;  umj  of  butter  on,  94 ;  nialcinfc  of, 

illuNcnues  digeuiun,  78}  sets  free  alcohol, 

79. 
BrcAth,  the  fir«t,14R. 
Brcalliiuc  net  uf,  1/iA. 
Brii^lit  on  poncreai),  71. 
Bmnchial  tobea,  ISO. 
Bn»Aii-Seqiuird  on   mttscle,  443 ;    on  rigor 

mortin,  453  :  on  mpinnl  cord,  299. 
Bniehium,  f^onlcns  uf,  621. 
Bud,  iu  nature,  469. 

Buddinff,  469, 596 ;  rnpmduction  by,  495,  535. 
Buffun  on  infancy,  539. 


BnflV  coat,  1 1 4. 
Buniinif  icnke»,4fl1. 
Batter,  making  of,  31. 

C. 

Califorxums,  676. 

Calorific  hypothec  of  niloo,  &9d. 

Ctdorifavicnt  digestion,  G3. 

Caniclopard.  491. 

Camera  ubwriirR,  361. 

CamjiorV  method  uf  examining  ^ulli, 

Cannliculi.  iTiJ. 

Canalu,  ecmicirrolar,  37.'». 

Cape  of  Uood  lloive,  ditconfry  of,  34,  GSl. 

Cape  Uyrax,  stomscb  of.  59. 

CAPliXAliT  Vesskls,  S9,  141,  1t»);   mort- 

ment  of  blood  in,  145 ;  of  rao-'-i'Ie,  459. 
Caplltoiy   absorption,  103:    anractioo,  101; 

prcnxKitlDiiu  rcfpectint*.  lOu :  motiao,  131. 
Capillarv  circolation,  142;   plicoomeiu  ot, 

14.'^ ;  in  aranliac  fu-lus,  144  ;  m  aaphpia, 

14.^;  local  vxriicmvul,  144. 
Carbohydrues,  71 :  mm  iuto  far.  81 ;  auU 

XdeQcit  of  albumen,  39. 
Die  acid  excrviioo,  161 ;  sutirr«5  oC  1^* 

252;  inUndoL-cs  oxvgcn,  105  ;  decampoicil 

by  lii;bt,461. 
Carriniu  maiuu,  510. 
Career  of  man,  612 ;  of  orptmr  fonn,  IS9. 
Comi^'ora  cousuuie  tlicnii^clves  3G  ;  nbrln  of 

their  blood,  123 ;  find  fat  in  thuir  food,  SI8. 
Corp,  lung  of,  157. 
Carpenter  on  nemnia  yyatcm,  359  ;  oo  mh- 

■onum,  319;   on  analog   lietxcen   fpilial 

and  ventral  cords,  307 ;    on   (n-'neraikin, 

537. 
Ciaicnr.  SO,  SI,  S31 ;  prc-oxi«tjt  In  plans,  K ; 

cluinges   into   fiLriu,  35 ;    diaiolrse  phcfc' 

pbnte  of  lime,  35. 
Canle  building,  330. 
CaUtuenia,519. 
Coadoto  TcsirlcH,  261. 
Causes  of  »Iccp,  5.''i2. 
C'Et.i.«,  primoidiol. -I'lli;  isimpla  and  naclt- 

otod,  492i  nnininl,  496;  circulation  in,  132. 
Cells  of  blood,  116;  uses  of,  l:£9;  Bvmbers 

of,  in  diircrcDl  auimaia,  121. 
Colls  of  Liduejr  remcvo  anoxlducd  boi&eit 

223. 
Cellti  in  longs,  159, 
Cclli>.  nerve.  264. 
CcllutoH!,  71. 
Centro  of  intellect,  GSR. 
Centres  of  nerves,  290, 
Centripetal  and  centrifugal  fibres^  3€5. 
Cephalic  ganglia,  271.  607. 
CKKRBRlxrif ,  822 ;  development  of,  314;  ei- 

perimenu  on,  323;  sirui-iurc  and  fnnctiun 

of,  822. 
Cerebral  sight.  401. 
Ccrebnwpiiml  fluid,  328. 
Ckrkubcm,  structure  of,  317;  dcrclnpiaoitc 

of,  314;   tOfccvt  of,  316;    tivta  nf.  818; 

gnnglia  at  iMiAe,  319;  weight  of,  325;  at- 
mospheric pressure  on,  32t;. 
Chee^,  making  uf,  31, 
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nMelticn'a  caw  of  catanct,  4 19 ;  oc  the  ear, 

Chct,  tj-pc  of,  ICl. 
Chilians,  .'iTG. 
ChimpAnzcc,  SSI. 
CbiDeso,  S74  ;  writing,  RSG. 
Chitiii  tu  winas  of  insects,  71. 

Chlorine  and  tiy^"^°i  ^'^• 

Cbolepjrrrhin,  124. 

Cholera,  effect  of,  22. 

CboIosicriDc.  275. 

Chonia  dorsalis  ."128. 

Chorion,  623 ;  cliaiifccs  in,  r>2rt. 

CfacR<oi(l  coat,  ^l ;  fuiicUon  of,  391. 

Choasat  Du  itiunitioo,  K'^,  'US. 

Chbutiam  Cuukcu,  GUa ;  eprvad  of,  in  Amcr- 

icA,  aE»8. 

Cfaronuuic  alicrnuinn,  33C. 

Chronotnelcr,  illtn'tnilion  of  licort  by,  140. 

Chyle,  S'l ;  absorption  of,  F<7  ;  raiuicsorthD 
flow  of,  f  9;  composition  of,  92;  corpuscles, 
first  Appearance  of,  94 ;  action  of  water  onu 
nrciic  acii  on,  91. 

Cbrme,  TiS. 

Caia»  431. 

Ciliated  anlmacitlo,  432. 

ClJict-LATiON,  M 5  ;  ohjcPtB  of,  III,  134; 
changes  durinj;,  I21>;  coorse  of,  1!^4 ;  in 
plania,  132;  in  lower  aniiuuls,  135  ;  action 
of  heart  in,  136 ;  soands  of  heart  in,  139 ; 
ncrrooA  inliuenco  on,  140;  fcvtal,  531;  pla- 
cental, 627;  portal,  134;  cnnncctiuu  of 
partd  b\',  112;  dc[icndcavo  of,  on  respira- 
tion, 133. 

Civil  low.  \i2li. 

Civiliuiiun,  clfcot  of  climaic  on,  509;  COID- 
pored  vriib  burbarism,  tlOl. 

Claasificntiou  of  notuiid  hiitorv,  506  ;  of 
iknlls,  sec. 

CGmatca,  botanical,  481. 

Clock,  Uliutratian  from,  465. 

Coagulation  of  blood,  1 13. 

Cochlea,  3$4, 838 ;  couii»arattrc  anatomy  of, 
373. 

Coelinc  axis  mmificntionB  «f,  49. 

Coinat>c,  iniroduciioa  of,  (j20. 

Cotd-bloodcd  animaU,  171%  IIG. 

Coleridge  on  drcains,  G^^fi, 

CoHadon  on  divinic-bvll>  366, 

Color,  origin  of,  .'11^9. 

Cdored  ravH.  effect  of,  4GI. 

Colottnnn,'  22.*i. 

Combaation,  aniticJnl,  17;  of^nntc,  17,  18. 

Commerce,  uriitin  of  European,  tilU. 

Connninuliou  imunintcnts.  40. 

Commtaturea,  function  of  nerrona,  230. 

Comparative  history,  G12. 

CompartmcnL'*  of  runtiiiantV  Rtomach,  CO. 

Complcmcntal  air,  !&'>. 

Complexion  of  man,  571,  572. 

Conception,  530. 

CoDdcmsio);  action  of  membraaea,  155. 

Goiulition  of  dreauis,  556. 

CoDdoreet  on  dreams.  5M. 

Conducrihility  in  norrcii,  SC5. 

Conferva,  41*5. 

Congelation,  pcrpctoal,  473. 
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Conjnj^tion,  modification  of,  515. 
Consonants,  350;  explosive  and  coDtinaonjt, 

357. 
Constant  tcrapcniturc,  pro)>lcm  of,  I7G. 
Cun»itucntMofplantM,  t>uun-«8  of,  4G3 ;  of  the 

blood,  functions  of,  125. 
Contarini.Cardituil.onclrcumna\igatioQ,G25. 
Contractile  (ibre-ccIU,  435. 
CoNTRAcnuTT  of  muscle,  442,  449 ;  nalaro 

of,  442. 
Contraction,  hvpolhefiis  nf,  451  ;   W  water, 

451 ;  by  touch.  452;  after  death,  *4 44. 
Connol  of  heat  by  nerves,  136. 
Coiiverj-iii^  media,  381. 
CuuliD|{  a^rencic!!,  184. 
Curd,  vpinul,  :^4 ;  conduction  by,  299. 
Coniea,  334. 
Corpiuclos,  of  niilkf  225  ;   of  fat,  240 ;   of 

blood,  IIG;  oritdn  of,  101,  115;  colorlcaa, 

93,  115;  of  chyle,  9:1,  143;  proportion  of, 

125. 
Cotjiedons,  52C. 
Couch  on  uietamorphnsts,  £10. 
Course  of  the  bile,  202.  ~ 

Crab,  edible,  510. 
(Cranial  ncn-c«,333. 
Creatine,  447. 

Cronce,  passage  of  water  throng  105. 
Crime,  tendency  to,  543. 
Critics,  chnngo  bv,  143,  4S4. 
Cms  cerebri.  314;  cerebcUi,  S14. 
Cm&ades,  G30. 
Crjiitalline  lens,  3fiG. 
CrjHUls  nf  blixMl.  119. 
Cutaneuutt  aUwjrptioa,  98. 
Carier  on  oiiRanisms,  4GG. 
Cycles  of  progreaa,  513. 

D. 

Dalto:!  on  corpus  latcom,  522 ;  on  diiTti^oa, 
152. 

Daubcnton  on  skull,  5fi0. 

Davy  on  animal  boat,  I7fl;  on  meconium, 
S03  ;  on  protoxide  of  nitrogen,  412. 

Deafoeia  in  divins-hell,  3GG ;  iiartial,  of  infe- 
rior animaU,  377. 

Death,  5C0 ;  from  accident  and  old  age,  CGI. 

Dt-cay,  243. 

Deception,  404  ;  of  touch,  431. 

Dclcaa  on  the  raico,  35f*. 

Descanes  on  inaocta,  GU9. 

Dcarent  of  up,  caiuca  of,  87, 132. 

Despretz  on  animal  heat,  182. 

DetUenccphnlon,  292. 

Dktelopsiext,  505 ;  of  the  car,  37(1;  nf  the ' 
eye,  3S0 ;   of  mu«cle,  440  j    fc-eonwii-ical 
mrxica,  417 ;  of  bird,  35  ;  of  heart,  135- 

Diaphragm  tnovcmvuu,  IG\. 

Dia»toaB  solivoin:,  45. 

Diet,  34. 

DiffcroncGs  !n  men,  5G3. 

DtrF£AE»TUTio!c,  500;  caiisos  of,  50S ;  iii> 
flucnce  of  heat  on,  503  ;  epochs  of,  504 ; 
deiined,  fill. 

DiyKitBiow  of  ptM»,  152  i  ftirce  of,  158, 150; 
general  facta  of,  15G ;  eSect  u^  1G2. 
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Diftufik^n  r>f  ioSacnce  in  erenuUr  nen-o  mn- 
tcriii],  2C8, 

PlcKSTiox,  nittnrc  or,  1  fi,  40,  B2,  C3 ;  ob}o«  of, 
(jl.Cti;  hiMotccnrtic,  <13;  raluriruciutit,  t>:i; 
is  mechanical  nod  chemical,  57;  ilouMe, 
41;  jiFOCCfiSGS  of ,  u  itualimuoti,  41),  40; 
deirlittitioD,  46;  mum^ic  into  tliitxlcDutii, 
fi:i,  67:  iiaji&ape  along  intcadoe,  G7. 

Pi|:Vfttiuii,  Axiifirial,  M,  54. 

BigcAiiun  of  };tini.  71 ;  of  colltili^se,  71 :  of 
■tanh,  72  ;  of  sajnu",  TV;  of  fiil,  70  j  iule*- 
tiniU  and  stumncfi,  contDuiud.  Hi. 

XHecxtive  tract,  divisions  of,  48 ;  uf  insect, 
&8;  ofrim(HuaiiimBl5, 59;  jiiicc^lbi-iriir- 
tfatiiciDgnztliunl,  77;  jiowcr  injured  by  sjU- 
ivR,  00. 

Discs  of  ma^calnr  fasciculi,  43(> ;  of  blood, 
BM  CcU5. 

Dis«i9  proli^nis,  r>20. 

Dtsirilialiou,  v-crticaljUf  j'lants,  473;  of  beat, 
473. 

Diurnal  nmnant  of  nir  nsioil,  ICfl. 

Diunuil  T«riatioii9  of  boot,  17t^ 

I>onik6  on  toUra,  44. 

jyOtUgny  on  Inca  Indiani,  487. 

Domioiisc,  Momach  of,  fiU. 

DorMl  curd,  ?93:  lamina,  627. 

I>oublo  troiDS  of  tboofEht,  StfO. 

Doablencss  of  bnUu,  827. 

Dowter*R  experiments,  444. 

Draper,  J.  C.,  on  iv^Jnuian,  lfi9,  239 ;  oo 
urta,  220.  ,_ 

DrGaming,  5^5.  "      > 

Drowning,  n»tomtton  from,  133. 

Dmm  of  ear.  304. 

Dnaliiyof  mind,  .11*0. 

Dact,  ttiomcif,  1«). 

Ductlc&d  (tlniid-S  ^11. 

DdcU,  dotted,  4D8. 

Dnfay,  law  of,  104. 

Diwonfi,  lieart  of,  18<i. 

Duong  on  Animal  buat,  18S. 

Jimaua  on  fit),  '2i%. 

DtttiDchct  on  cudosmotia,  106. 

pytlyiln,  83. 

I^tiscas,  438. 

E. 

EAR,«inH-turonf,  IITO;  extcmiil,  ."ino  ;  nt'tinn 

(if,  BTtO ;  fliiditury  nctvu  of,  'HHi ;  lub^Tiiilb 

of,  37.t ;  l\  mjiBUuni  of,  aCS. 
Eilacalinii,  I'fl'cct  of,  330.  S43, 
Kdwunlft,  Milne,  ou  cnlstaccNn^  488 ;  on  fit, 

24S. 
£gg^  dcTclopmcnt  of  bird  frotn,  85. 
&Eri^  618,1.1 4. 
Blaaticitx,  hcAt  of,  \^u 
Electire  filtration,  196. 
Electrical  lasics,  4S0;  cnirenrs  In  tnusclcA, 

443;  condncion,  nervea  reaeablc,  !!ti<t. 
KlecIricity,27.'S. 
Kluteni)i'|ijur,  343. 
lElixiri>riirp,6Sa. 
^£lli|itical>kDll,fif4n. 
Ehubto,  &88;  f^rminal  mcmbmno  of,  53'>t 

TUtebnl  colomn  of,  5S2 ;  vtucnlnr  area  of, 


627  ;  ftlUntobi,  536  ;  circulation,  .Vll ;  in- 

ItucDre  of  motJier,  534 :  stxe  and  na^t  ti, 

at  birtli,  640,  64 1  ;  viubilitr  of,  645. 
Embryonic  dcrelopmi-nt  of  brain,  3111;  <4 

rirralating  app«ratws  631 ;  forms,  607. 
EraerKencfi  of  iroprenioiis  fnmt  brain,  406. 
Kmodona,  mental,  "f&O. 
Embiricitin,  extinction  of,  23. 
Enclocardiam,  1^7. 
EiidiK-lirvinie,  493. 
Kiidi >(;[>n<)iH  ccncmlion,  45*G. 
KuduMuusU.  1U5,  1U7,  131  ;    ll]roQ|;h   film, 

154;  dmngb  ftncco^  107;  force  of,  101, 

163. 
Enteric  jaicc,  3C9. 
I-^iicephalon.  fyl,  629. 
EpidcrmiN  1*33 ;  functions,  234. 
E)>illicliiiiii.  107,  :£34  ;    cyliadric,  tcatdsted, 

ciliotiiil,  197. 
Epochs  of  Klolie,  4P1  ;  of  life,  54T. 
I->]iiilitiriiin),  cf>nditions  of,  Ip,  3C2,6flllU 
Erv(i  vision,  396. 
Esquimaux,  668. 
Europe,  jirimitive  state  of,  ClSi. 
EuroJMMn  bt^tor;,  610. 
Eustachian  lube,  307. 
Kntbattajiia,66I. 
EvAporatioo,  I(^5. 
Excretion,  213. 
EithalaUoa  hj  Ittnes,  91,  £3. 
Exonnasis,  106, 181. 
Expectocsiioo,  47. 
&tp1oiire  consoainis,  857. 
E-YtinrliuD  of  Indians,  GOO. 
Extinctions,  484, 49^ 
Etk,  stntctaro  of,  382;  ncrroos  medu 

of,  889, 394 :  acccosaiy  apiwralus  of,  1 
Eyeball,  motions  of,  401. 
Evebrows,  890. 
I^clids,  390.  A 

F. 

Farricics  ad  AQrAPtxDBxnc  on  veins,  130. 

Faeces,  (t3. 

Fair  nu»s,  dintppcaranrc  of,  GO],  636. 

Fulling.  sensMtion  of,  66!). 

Fiuciculi  of  muscio,  433,  436 ;  digesiUn  of, 

54. 
Fat,  246;  oxidizes  t.-r!ulMa]|y,  259  ;  nelation 

of,  to  bile,  :ft>7;  UinitroErenited  itasue,  SSO; 

in  articles  of  foraj^ei,  2^9  :  ciitali^frtng  of. 

71  ;  {inxlucod  from  airbobydmtcft,  >*! ;  itn 

truducUou  into  %ilU,  91 ;  saponificatian  of, 

93. 
Fauuiil  (;T"«l*t  668- 
Kccitni;  and  toncUtng,  distinction  betireen, 

421'.  . 

Fcnmlc  and  male  compared,  646. 
Fcnciiini  uvalis  and  rotunda,  36). 
Ferment*,  46,  80. 

Feudal  svstcm,  631.  ,^^ 

Fiimt.H,  31),  u:t,  117,  1 14  ;  Inw  of,  52;  ve-ci»- 

ble,  33  ;  not  nii  eSetc  body,  U^  ;  fVpiniu- 

tion,  1 13;  difrurcuco  of,  in  blood  and  nun- 

cl«,  1 1 4  ;  »  arinlioii*  in  (juniility,  122, 
Fiftb  pair  uf  nen  e«,  334. 
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Filtcrinj?  ni-Iion  of  glaiiiU,  131. 

KiltniuuD,  elective,  I'M. 

Kiiiul  npOTij",  SC?. 

Finite  nalure  uf  knimletlgo,  2f9. 

Firc-plnre,  cxliiinsiinj;  nutunj  of,  181. 

First  brcflth,  -IHij. 

FiiX  {isir  of  ncr\'c<,  425. 

Fishes,  digestion  uf,  CO ;  clmilntlon  In,  135 ; 

respinilion  of,  ISO,  157. 
Flame  nnd  ]ilaiu,  aoalogy  between,  470. 
Floral  irrouiis,  66S. 
Flour,  33. 

FiTtiis,  t-ircnlation  in,  .ISl.  Sec  Emhrjo. 
Follicle.",  pactric,  4tt,  50  ;  vnritiiiw  of,  M. 
Food,  16,  2ti;  sources  of.  "J7;  i.'Iii.s'iiliraiion 

of,  27;  vtilucof,  2»;  dilfcicnl  kindfi  of,  27, 

28 ;  of  i-amivoni,  3G  ;  of  liorbiTOrn,  30,  37  ; 

nitro;:cD,  27,  3.'i ;   iiiovcuiciiU  of.  53  ;   nd- 

jiiitts  icniiicnitttre,  179;  ilcmnnd  for,  I7!l; 

nllowancc  of,  II  ;  dijic-rtibility  of,  30,  fifl; 

fonnod  by  itlanm  and  desrm^^'etl  by  animals, 

37;  miniinam  qunniity  of,  US, 
Foi-9unoii  niagnuDi,  5tH.\ 
Fon-e  of  endotimu^td,  |07. 
Foqtetfiilnent  nf  drumiii}  SUT. 
F'ormic  ncid,  2-iO. 
Foarcmy  on  pcrHpinition,  240. 
Fotinb  [Miir  of  tkerres,  S34. 
Fowl,  di^jifiilive  tract  of,  C8. 
Frankliti  on  hvut,  S(40. 
Frcrichs  on  food,  35 ;  on  puliva,  44, 
FroK,  lungs  of,  Ifi'i  ;  dcvcluijnicut  uf,  JiOO. 
From  view  of  skull,  ^85. 
FaiureKUUc,  u^I. 

O. 

LILEO,  4.'>.). 

Mil  on  bniin,2.'.!).     * 
finll-blnddcr,  V.f.K  f 
Gnlvtini,  experimerw?  of,  443. 
Gamolu,  tiiructurc  uf.  2(i3;  ti[<ontnncfin»  func- 
tion, 'J»'J  ;    of  sytii]>utliutiL-,  140,  2C4  ;   uf 
special  Mtuw,  31.5;  vcpliulic,  (>U7. 
Cues  of  intestine,  82. 

Gastric  rlwn^re*  are  nulMlivisionii  nnil  iis-<«in)- 
ilalinn  of  wnlcr,  02. 
,  Gartric  jult-c,  40,  AO ;  quantttr  of,  fi2 ;  acid 
1 53, ft4 ;  rebtion  of  oenous  iiiilucnce  to, 

3«tine,  G4,  OT.. 
(ienmatiun,  &'.H. 
Gt.'ce&ArioN,  SlS.fllG;  iipci-nistozoa  io,S17, 

Geographical  diittribtilinn,  ■'■C7. 

Gcosniphv  tif  |>bint«,  47tf. 

GcoIojck-jO  chanf;(<^,  4tlll. 

Ijcometrical  modes  of  Uc^xlopmeat,  457, 

GcniJ-ccIl,  5I!I. 

Gemiinnl  nicmbr.inc,  S3i't ;    it«  hrcn^  527  ; 

lestitle  and  xi-^l,  i*>21. 
Genninaiion,  45M;  beat  of,  170. 
frc^ttttion,  CftS. 
(fihraltsr,  Straits  of,  C?0. 
(iillD,  13r>,  luU,  157. 
Gi^AND,  IHfl;  tyjicof,  ISO,  I!)7;  vicariotuar- 

tino  of,  IIK);'  Qltcrtii^  uction  of,  190;  I'ur- 


otid,  43  ;  fslirtuv,  43  ;  snbmiLxillnry,  43] 
enblioRunl,  43  ;  mewnlcric,  8'J  ;  ducilcM, 
211;  iiiniititiitr}',  225. 

Glandular  bliod/chunj^  En,  100. 

GloUitin,  IIH. 

L;ii«st».|.hftrjTigeal  BerT«,338. 

GlncoM,  73.  ' 

('>ltlT(^n,  33. 

Glycerine,  245. 

Goodrir  on  lynipbnlics,  97. 

Graafian  foiUcle.  521. 

Gradual  death,  501. 

GruAiiig.  400,  635. 

Gnihnm  o>i  diffusion,  152,  154. 

Grcek^0l3;  schooln  of,  017. 

Gmmh,  511,  538,  540;  coadJUoos  of,  4C5. 

(tuincfl,  iicpv  cf,  .179. 

(lUUi.  digv^liou  uf,  71. 

Guadckch  ou  ful,  240. 

H. 

Habits  of  n-atioxs,  500,  Q6!};  of  inaccta, 
00.^. 

ffrmatin,  118;  analysis  nf,  119. 

lliemntoi'oct'us  binalu,  494. 

Hair,  23G. 

Hall,  dtfcoveries  uf,  253. 

lliilliit-ituiiion,  4CI'/. 

Ilnncy  on  rirrubitioTi.  130. 

UtiARiNG.  setiM)  of.  359;  simctnre  of  orgim 
iif,  30<);  U5e  nf  lyrapniiuin  iu,  S64;  awl^ 
-tiiry  nene  of,  36(J. 

(Ikakt,  135;  fibres  of,  IS7;  vahes  of,  13$; 
development  of,  I3.j;  of  dR|*on)Z.  13();  ne- 
lion  of  nerres  on,  140;  statement  of  uctioii 
of,  147  J  nuuibcr-of  beats  of,  130. 

IIkat,  17. 1«,  19.20;  cliwk  uiwn.  21,  22, 184; 
cquilibnuni  of,  22;  animal,  175,  177;  tiir- 
txinic  ncid,  relalian  m,  I'.i,  20,  I7ti;  \-ariti- 
tions,  178;  diurnal,  178;  extreme, cnduni- 
tle,  178;  annual,  179;  fource  of,  \)i'£:  of 
liitht  rays,  389;  removed  from  muM.')e,447; 
qniuiliiy  fur  plants.  477  ;  intcnxitv  ami 
i|niinlitv  of,  477;  decline  of,  4KN;  rclatitiiii 
tif,  572  •  eftect  of,  an  dknll,  59(1. 
rllpaih«,  nb^ncc  of,  from  America,  474. 

llciuht  of  nmii,  541. 

Helni^iolu  on  ncne,  200;  on  muw-le,  445. 

Hcpniic  artenr,  200:  colls,  duel,  vcia,  £00, 
200. 

nerbivom,3G. 

ilerculancunit  40& 

Hereditary  tmimniMion,  590. 

Hcrmapliroditi^a,  574. 

Hibbert  oa  a|r)>aritjons,  408. 

Ilippocrniic  fnee,  fiCl. 

Ui-iojrenetic  dtjnMtion,  40,  6.3. 

HiHTonr  a  branch  of  PIiV!=iolofy.  004 ;  Ennv 
penn,  CIO;  uiiitcnal.  Oil ;  prognottics  in, 
012;  compamlive,  012. 

Hnmn(*ene«i!i  and  helerufieneais,  511. 

Hot-blooded  animals,  17<t. 

HoiTcniots,  577. 

Hubbenct,  table  by,  49. 

Ilulwr,  M«. 

Homnn  groupp,  5C3. 
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IliimbolJi  on  nj^innifni,  158  \  tn  |iImi1s,471. 

Iliiiiiurs  of  lli«  vyc,  ys<i 

IIinitcroD  n;ile\A,  i'lJH;, 

ntiU'hi»<<n  on  ic^jurutiun.  ICUj. 

Ilvlicmntinp  aaimub,  172^  163. 

UVtlra,  M.  rr2.  4:t2.  oOl.  iVAi. 

J-lxdrntilic  kPtion  of  auricle,  I4C 

J-l  vtinx-tiluric  actd,  &'i,  G2. 

Ilyilnf^'n,  i»c  of,  17,  lU. 

lijrpo;:lLuaal  none,  343. 

I. 

Xdkal  it^fc  of  mnn,  riGT*. 

Iitiot.  n*iiii))Of^iiion  of  brain  of,  278. 

|IIufiiiti4,  402. 

titin;it\  CI  I. 

ImiRorulilTorthc  itoul,  410. 

liii;  L'f^uiiai  opcrntLuus,  207. 
II:n|•It.■.■--■«i^•ll^,  vc5ti;;c»  of,  2tW. 

Iiufituvnbitiiy  uf  mull,  I't. 

liiutiiiioR,  cx|>criiucnu  on,  176, 243. 

Inra  Indiuu^,  497. 
|lti<-t>nil)U!(iiblo  men,  C34. 
riuJepcudunco  uiid  imiuoruUitv  of  tbo  soul, 

AldependcDt  Action  of  <uu-Ii  half  of  lb«  brain, 

nJcx  ofj-roliiLitoil  books,  024. 

lnJliin>,ri7J>;  cxunctiun  ur,  tiixt. 

1 11  Jin- ml)) «r,  diirufloii  thmii^h,  15S. 

Jiultvidiiiiliiy.  nalun*  of,  40d. 

Iiiili>-Kiin>])Ci)ns,  Tttdi. 

Itiffliiiy  of  tiinn,  M6. 

Iiitliiru]>ci-nit-',  bcu  of,  17C. 

IiitluciKi'  of  B{n3ut«  oil  tiinn,  QC3,  &G7,  G7I ; 
of  jitircnt  on  child,  uiM, 
■Intlucntial  an.-.  2^3. 
^JnTunuriaK  beat  of,  177. 

Iiimite,  447. 

Iiii|ui«ilion,  eslnlilUIimciit  of,  624. 

IiiMiiivniion,  40. 

liiKiiiiitv  of  rclinn.  4M, 

l-xsccT.  di^eiti^c  inict  of,  58;  ce)ilia]tc  pnn- 
^110,271:  nerruuD  tystvm,  271  ;  ro«[>irn- 
liim  of,  1&7;  d(:%elo)imfi)t  of,  friU;  litnic- 
Inie  and  hxibit  of,  (rlkS,  G05  ;  uiomory  iind 
uietiun<rr])hn««t<  of,  I>(i8. 

tn<:TiuitiiTiooii<tne»(  of  drciims  (J.'»iJ. 

In-tinct  (lii>tiii^ii<Iio<l  fruiii  rciuion,  (!0;t, 

]ti>ulK)rdiimti<)ii  ufone  lK'i»iic|>]icrc,  32t). 

Inlelled,  niHxiiiiiiiii  of,  fi'*! ;  centre  of,  ft.ti>. 

Intciisiiv,  itdjukl mctil  fur  %'iu-ialiond  of,  in 
eye,  IWB. 

InU'nslt;  of  hcnt,  477, 672- 

lutcrfcrcnce.  uivchnnttni  of,  in  cnr,  372;  uf 
wcnnus  im|jri^Miun!>,  2ll'J. 

Inti'i^tiiiiil  dt*.Hth,  244  ;  iiittvcDicntii,  liil. 

I>TK»Tl?(i:,  Ivnctli  I'f,  42 ;  nUu  niid  (Tamts  uf, 
82  ;  di^-esiion  in,  03,  (IH,  HI  ;  ttniteuis 
t-hun;:u3  uf,  H3  ;  section  of  wall  of,  Hi'i ;  |>cr- 
i.ttititie  niovoinonu  uf,  t>tf  ;  (>as»n;:u  of  food 
tlimrijzh,  67,  Bl ;  glaoila  nuil  M;i;r6Uon  of, 
)U>,  Til. 

Inverwj  proMcnK,  2M,  4*12. 

iNVtinfE  \'l9to.<i,  4UI  i  use  of,  410. 

Li»,  3bO. 


Iron  nctcd  on  Irr  pwtnc  jmce,  SO ;  worc  cf; 

in  Uood-ccllN  1 18. 
In«8]iinible  k»i  action  oC  133i  169. 
XMaMimkldoex,SlT. 


Jacksok  OB  dw  CM^  S7S. 
J  itcoh's  memfarm^  S80u 

JtlTreys  ou  nsaj^ttAtiuu,  1G5. 
JCkuitM,  1124. 

Jonei,  Hence,  on  urine,  2S1.  • 

Jon«t.  iUndticUt.  on  bepotic  ccUs  206. 
Jones,  W.,  on  tiliK>d^:cllft,  117. 

K. 

KATFtas.  C77. 

Kamiaeluiidale,  &7ji. 

Kmstroo,  M. 

Kidnar,  2 IS;  ntnirtnrc  of,  214  ;  tnbnli  vri- 
Difcri  r>r,  2I&;  cirtulalioD  in,  215:  tte\d- 
0|iment  vf,  214  ;  vicarious  action,  18fi. 

Kii-Miuc,  281. 

Kollikcr  on  skin,  420;  on  retina,  SOI ;  nJeca, 
211. 

Kountiw,  ftn. 
j  KraitM!  on  wbaceunt  secntioOt  Hik 

Kreolinc,  447. 

Kuue  ^u  bilo,  SOS. 


LADYBirmt.SCl. 

Laclinmal  trlond.  4(>0. 

Lwa-uU,  M.  Hi.  r(7,  IM,  111  ;  funrtinn  of,  I 

and  tyu)|)luiUk.'»,  conucciiun  of,  witb  l 

ration,  1(X). 
Lactic  ai-id.  47,  o2,  73,  74,  7&. 
LacuDjt  uf  Umc,  2r»3. 
Lamina  »jiiraliit,  3^9. 
Landerer  on  |>cni|iimtiaD,  340. 
Lanpiaffc:'!  34*'7. 
Laplanoer,  5(i8. 
Larva,  SIO. 
Larvnx,S63;  donlle,  of  birds,  SfiS;  arttfic 

3r*S. 
Lateral  inversion,  397. 
Lateral  licw  uf  i>knll,  o8I. 
Law,  civil,  (i2tt. 
Lawrence  on  lli«  leu,  S'W- 
LaytxK-k  on  i-cjiliaiic  gnnglia,  G07. 
Lcji.  3f(0. 
LcKumin,  33. 
Lehmann  on  abaorbed  nitn>^n.  39;  pep 

tones,  62;  pii>lrir  iM^tlntioii,  W;   jitim,  75; 

nriiii*.  'r* ;   (|tiatuilv  of  blood.  113;  Uooil 

cnstuls.  120;  hilo,'203;  ki&ttinc,  231. 
Leiily  OH  liver.  I'JK. 
Lcni;lli  of  infant,  ri40;  of  kIccji.  &r«3, 
L'HcriiicT  on  chyle,  ilfl. 
J^iclicrkiilnu  foIlidcM  of,  C9. 
Liehid  on  Iiittic  acid,  76  j  on  Cbrin,  »ft; 

lilood  liases,  12o. 
Life,  cunditioii»  of,  9,  Id. 
Litrlit,  nniure  of.  3tfU;  JnllncQce  of,  4^. 
Liuiu.  |ihi>*ijhutc  of,  35. 
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Liquor,  snnpitnU,  131  ;  nmnii.  fi.10. 

LlvtR.:.'(R)j  *tniotur«  of,  i'JV, 'JiM, '2<H  ;  ilc- 
velopmoDt  of,  l!llf  I'JH  ;  wcrctioti,  20:1. 
:!nr> :  ^it^nr,  l^lt;  prutlut'tion  ol' lia^nr  unti 
iHt  iu,  :107 :  desirui'iiun  of  bluod-cells  in, 
2W;  utiSDrbct!  niaicriul  goes  lo.  t07;  cirott 
ut',  un  cuni]ili:\ii>ii,  MH,     Sec  Ililc. 

lAN-iUiuitiuii  of  fiinriiiMi!*  in  brtun,  334;  of 
pUnrs  snil  (iiiiniuls,  ■It^. 

I-onjKviiy,  545. 

IxiM  vt  )M:n:C|ition  of  time,  iVi'I. 

LrxGO, structure  uT,  l.'iT,  15'J,  U'A);  cti|)il]urie» 
of,  160;  cuiMtcity  of,  M>12;  or.'iiuic  Mire>  tif, 
163;  chcmicul  chonp^  in,  ItJ^i.  Htm  ltc»> 
fiimiion. 

Lnihcr,  M«ilin,  vLtton  of,  AUG. 

Ltixuiy,  cfl'cct  of,  un  $kull,  uHa. 

LymiA,  95;  «aiUor,V6;  flow  of,  99. 

Lym{iliuik'  ^lamltt,  D4. 

l.V)ii'iiATt4.-8,ili!tlntiiitionuf,97;  funrlioD  of, 
96, 'JS',  origin  of,  5^9. 

M. 

Macrponux  CAMPAioy,  020: 
Miwliinc^  spvakiii;z.  'i5iih 
M(iila)fa.<cnr.  unlive  uf,  277. 
MndUcr  in  bone,  250. 
Httcellan,  royii)(e  of,  OlM. 

fMiile  anil  fcnialo,  compariiinn  nf,  A46. 
Mali*i}£)ii»n  txjdics  ^^6;  sac,  rciuuval  of  Li- 
qoid  frum,  2'Ji. 
MamnuiTT  (iliioJ,  221 ;  devcloptncnt  of,  22S ; 
a<- 1  ion,*  233. 

»Mnn,  {ihyiiical  up«ct  of,  34 ;  Kul  of,  25 ;  ma- 
lurity  of,  fi43. 
MaiVArine,  S46. 
Moriuliitry,  OSl. 
.MAniicits,'i;2. 
MnMirfltiim,  40. 

Mnltere  received,  16;  diimtcsed,  17. 
Maiurity  of  nuin,  G42. 
Meconium,  202. 

MeiliilU  nlilongata,  304 ;  functions  of,  30C. 
Melluni  on  li;!hi,  3)59. 

Membmna  (a-anutu6a,520;  dcidiui, 625, 536. 
Menibriine»,  wIcctinK  power  of,  107. 
Mciikut  of  iuavcttf,  IKW. 
Mcniitruution,  619. 
Mentjil  itnotioiiK,  natnro  of,  290. 
Menlnl  hull  urination.  402. 
Mental  quA.lilics  of  ditlercnt  n«tioD5,  593. 
Menial  elrcii^'th,  maximitin  of,  544. 
MeMnLcphuluR,  292,  y>». 
Mu^fnteric  ({Luidx,  :itruclureof,  $9;  plexuses, 

Meucclonfc  acid.  346. 

MftUmorphoaU,  4iK). 

Mtumorpbosls  of  batntcliisns,  509. 

Mftnpliysic8,  2.19. 

Miilni^ht  mn,  470. 

Milk,  29.  31.  32;  casein  of.  39.  227,  231  : 

m        SQgar  of,  31,  227.  233 ;  butter  of,  3) ;  sola 

I        uf,  31,  22H;   lactic  atid  of,  31  ;  cfloct  of 

ilbeiM  oft  SS  ;   rom[MMi!iuu  nT,  22.'i,  220 ; 

uulysb  of,23t>'  Ticuiiuiis  iwcrL-li<.)n  vf,  22H, 

Mind.  24. 


■    n: 


;  Miracles  true.  024, 

.Mitchell  oi)  ititluiiion,  152. 

Huhammeilaniitni,  intlncnco  of,  G39;  Spread 
of.  in  Afrien,  597. 

Moistnrc,  iotlueuce  of,  47("i. 

Mijn;;ol»,  .'>74. 

Miiiio;:iinij-.  594. 

MuiiotliciAtii,  (iOI. 

Moniiliiy.  545. 

Motion,  Viliiuy,  431 ;  mtiscnliir,  432. 

Motor  oeuti  ncno,  391 . 

Motor  tnitt  of  braiti,  319;  of  cord,  803. 

Moull),  function»  of,  40, 

MoKiiniltiquc.  nuiit'c  of.  H'H, 

Mucous  membrane,  19G;  Uycr,  »27. 

Miicns,  43,  197;  buccal,  43. 

Mtilbcrrv  ma$«,  523. 

Mullur  u'n  l}ik>,  203;  on  virion,  391 ;  on  TOtce, 
3.'>4. 

Multirwlnr  ncrvc-cell.  201.  26il. 

Miinicipnl  systrm,  ((23. 

Musfic  volitantcs  4U4. 

Musclcjuico,  434,  437. 

Ml'scclak  tiuRt,  «irurturenf,  433;  non-stri- 
olcd,  435  ;  motion  of,  432  ;  movemonix,  co- 
ordiantion  uf,  323 ;  coniraciinn  of,  43ti  ; 
repAintion  of.  440;  blood-\c«tcls  of,  440; 
contraction  of,  ufitr  deaili,  44  I ;  develop- 
ment of,  440 ;  nimlysiH  of,  411;  cu|iiUaricl 
of,  439 ;  cffcctn  of  elcctricily  on,  443. 

Muzo,  hii  throat,  0:f3. 

NAILB.SaTu 

Nnrw'hal,  177. 

Natiouti.  ori;;inof,  5CS;  habiMof,  6C9;  prog- 

n.'4(t  of,  CW, 
Natural  hii^tun-,  cltusificoiion  of,  500. 
Ne;mi,  571). 
Ncill  on  villi,  CO. 
Nerveii,  division  of,  2.'i9 ;  mie  of  condiirtJoTi 

in,  2C5;   sbciUh  of,  201  ;   librn  of.  262; 

funciiun  of  film:*,  205 ;  function  of  vv«cle>i( 

2*J7 :  tK-ccwity  of  rwt  for.  272, 
Nerrouf!  apciKy,  mapiziiieii  of,  208 ;  tnn»< 

minion  of,  2(Kf;  retcoiioD  at,  369;  inter- 
ference of,  209. 
Nurvoiu  an-v.  277;  condition  fur  scUuu,  293; 

centres  290, 
Nen-ous  syiitcm.  25^ ;  controU  beat.  180 ;  de- 

vclopntent  of.  292 ;  mctamorjihosu  of,  G06  ; 

Mriicture  and  functions  of,  'M'd, 
Norvowt  ve»ieular  inntlcr,  200;  (raa);UA,  2f>3; 

activity,  2l:>7  ;  tissue,  compuuliou  of,  373; 

re{*encmiion,  274. 
Newport  on  insects,  309. 
Newton,  colored  rinfcn  of,  105. 
Nicolai  oD  Apparition)^  400. 
Ni;:htninrp.  fi.ilt. 
Ni^lit  sleep,  Mi. 

Ninth  pair  of  nerves.  338. 

Nimr^n.oseof,  IG;  iniuiiirfttHiDTlTl}  proU 
i      oxide  of.  4 1 2. 

Nod.t[  lines,  371. 

Noii-rtriiiieil  fibre,  436. 
!  Nuoc,  424. 
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H               Niu'IcfltcJ  celb,  cimilaiion  in,  131. 

I'arrviiJ  planiJ,  43.                                                 ] 

H               Nuctcinc,  1  IT. 

Pnnuriliun,  S33.                                                        J 

■                KuclcuK,  i'M. 

Par  Tl^^un,  340 ;  loflaeDce  of,  on  UiQr,  !aftj[^d 

H               KiTHiTitiM.  24*>,  S53;  connection  villi  nerr- 

PaUfcuniMS,  678.  ^^H 
Patella,  ncrrouA  evstein  of,  279.                  ^^H 

^^^H            Olid  iif:enr>-,  186,  244  :  iclectini:  iNinxr  in, 

^^^fe           in:*:  ilircc  irpes  of,  &32;  uf  carnivora  and 

PaUiclici.  334.                                                 ^^1 

^^^H            hurbivum,  3U. 

Pulina,                                                             ^^H 

Pcluf(ian  tvrie,  579.                                        ^^H 

V 

Pc)«ln,  4*J.  :»4,  5.1.                                          ^H 

I'c|»<un(M,  SO,  &3,  CS.                                       ^H 

OiwrcTtTK  orEBAnoMft,  287. 

I'crrcption  of  time,  loaa  of,  SSS.                 ^^H 

<kcirt,S80. 

Perimrditini.  137. 

( i(in)<uti,  nerrooi  sTsteni  of,  2i9t 
(k-ulnr  spectra,  30b. 

I'eristaluc  mmcaicnt^  rt3. 

Peruxalute  i>f  Irou  dccuiopoaed  tir  light,  4CL 

Otnilo-inutor  ncrre,  S3S. 

Periet'ution.  result  of,  024. 

UtK>nii,  wiuibilitT  to,  424  ;  locnlixition  of, 

Pcrvian  empire.  Olti. 

4^G. 

Pcrvpiration,  230. 

0<I>"Ucy,filS. 

Persuasions,  544^ 

Oil.  i.-iimI»irvtngof.  71 ;  glulnilcson  tillitt,8d. 

Pcniviun,  r>;0.                                                 j^^M 

OM  :t-e,  r,i-t. 

I'vyfTH  Uxlie?,  70,  04.                                    ^^H 

<  KcA^iiiims  principle*  of  food,  S(<,  81. 

Plmntii^^nu,  ]i)raIixHiinn  of,  415.                   ^^^| 

(Keiiie,  24iJ. 

Philippino  lic^ro,  o7^.                                       ^^^| 

Oh'arioiy  or^n,  nwehAnlfm  o^  434^ 

PliiloM»pbcr'x  none,  033.                             ^^H 

Olniu7bojlc»,fl04,314. 

PbiiuMMibv,  iiupprcsuon  of,  024.                   ^^H 

(taipbalo-mcwntonc  duct,  £30;  tea«cla,C31. 

PlKTD)i11in»,                                                                ^^H 

<)|leruliulv^  plftuu  arv,  470. 

PhovplioruK,  17.  23,  27,  .'^2,  275.                  ^H 

Oi^iutn,  ctTucU  of,  40C, 

I'hoioeniphic  etft'cu  uf  teu)|iontture.  99fk>^^H 
Phrenic  nerve,  344.                                        ^" 

0|>tic  Dene,  381. 

()run^&8l. 

Plin.Miol(.;rv,  324. 

OuGAMic  rosv,  caner  of,  456. 

Physiouwt,  KultdirLiiioiii  of,  SO  ;  cUtici], }{ 

Orf.'onic  life,  nerve  of,  344. 

dvniimioAl,  455. 

Ori^nnic  jicriodEviiics  coonocied  ^tith  heat, 

PUw  of  Hiiier,  277. 

1711. 

Pine,  wood)-  fibre  of,  49d. 

Orfruii«nit),  metnroorphosis  of,  489. 
Orgaitixiition,  pnnrifilu  of,  4^^. 

Placcato,  520. 

I'lakth,  indii  idunlit/  of,  468;   qnanlitr  of 

Oi'iiuiiizi-il  Unties  allotrvpiatn  of,  188* 

beat  r<)r,  407 ;  Mculur  cbung««  of,  4!M)  t  1^ 

(.)rniiti«  of  ncuw,  Sv'y. 

calizaliun,  4lj2.                                          ^^ 

I.trij.'iii  vt  nnridiis,  .V't*. 

I'losmn.  121.                                               ^H 

Omitlioi^-ntlius,  :!:;-l. 

Plastic  |i0H-cr,  4'>0.  471.                                ^^H 

<)<^sii'le8,'8t>T. 

Pnciimi>pL»tric  nerve,  340l                            ^^H 

(Ksifuiition,  SJi.*!. 

PolTKamv,  5'J4.                                               ^^H 

Oti'rlcin  on  villi,  8fi, 

Pol}iie,CI.                                                      ^H 

Ojcritb,  hlomacli  v€,  fi9. 

Polnhciim,  00 1 .                                         ^^H 

Otul  vkull,  Md.                                                     Pnmpcii,  4M.                                                 ^^M 

Ovwiuiit,  ori|^  of  ora  tn,  S20;  corpus  Into-   ruiio  v;injlii,  307.                                        ^^H 

um  uf,  522.                                                     Fureiipinf,  S'J.                                             ^^H 

Orisnc,  A20.                                                             TorpoiAo,  stooiAch  of,  59.                                ^^M 

OrcK,  521 ;   dt3chart'«  of  from  onur,  523  ;    I'oruJ  circulalioih  I  II»,  184,  201,  202.          ^^B 

c)iaD^03  r»f,  524  ;  ncjrmcnliiiion  of,  524. 

Porta  of  t^iEypt,  oi«nin(r  of,  GIti.                        ^ 

f>n-t:ti  on  the  arm,  380  ;  on  nktill,  232,  :>84. 

PuMorior  root*  of  KptnnI  ncr«ca,  290. 

O&aiiv  ncid  in  nrinc,  222. 

rotansiam,  iodido  of,  cxpcrimcuts  *iili,  It, 

OxTUK^,usesof,47, 101, 134;  in  respirarion, 

52. 

^.             131.  163, 183;  inriucocc  of, on  blood,  126; 

Powder  of  projection,  683. 

^^K            chonfiM  albiimcD  intotilhu,  101, 176;  lib- 

Prc-exi»lentL',  turilioivDt  nf,  381. 

^^■^           eittlod  tnr  blaiiu,  4G1. 

Prcx-oiit  and  Diimait  on  niuKle,  439. 

^B 

Prichard  on  lubita  of  men,  5GU ;  on  ikill, 

^H 

580,  585. 

^^    « 

Pric»tlev  on  {nueoofl  endoimoil*,  ISl.        j^H 

■               FACIXU5  noniKd,  420. 

Primitive  trace,  293, 3ST.                               ^H 

■                 Pntranlsm,  fall  of,  (122. 

Primordial  cell,  458.                                      ^^1 

^M                  I'aiiic,  I'nifcHMur,  uii  plants,  478, 

Principle  of  cnganixation,  437.                   ^^H 

H                 I'ali!  jicople.diMiiipeaninceof.iiiEaJopetGM. 

Printinir.  358.                                              ^H 

■                 ritlinttvQuis,  G34. 

Prognaibona  skull,  580.                                       1 

H                 I'anrreA.»,  6S  ;  julco  of,  68. 

Proicin  bodies  renio\ed  by  arine,  2S0^  223.       J 

H                 l'oiilhei»Di,  288. 

Provencal  on  rcipirstion,  135.                       ^^H 

1                 I'upiil  ({ovcninicnl,  03.?. 

PMmmelichafi,  015.                                        ^^H 

■                  rapillic  uf  skill,  4  It* ;  of  tonf^oe,  426. 

~™  _  1 
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Ptolemicf,  fl21. 

Ptv-nllni!,  45. 

piilnntiun  uf  heart,  136;  or  arteries,  MU 

I'liLsc,  i:(9. 

Pupn,  nl  1. 

J'vnuniJnl  Rkiill,  SSG. 

r^nuttiUs,  autcriur  and  posterior,  304. 

QrAlN  ox  ADIPOCIBE,  £47. 

Qiialit  f  of  Miuitfls,  isLiiuiuion  of,  875. 

Qtinntlty  of  heat,  477. 

Qiieielet,  refearrhcK  of,  iri,  540. 

Quick  re!<t^>traii'on,  cfi'ecc  o(,  108. 

Quincey,  Dc,  ud  upimu,  107. 

R. 

RjiDfAi.  fibre  f^Klcm.  390. 

Kadiaiioii  (if  h'eat,  185. 

Ranilik<!  .-uiiuii  of  heart,  147. 

BareticJ  «ir,  effevX  of,  183. 

R&y  on  iii<w<.-t  hubits,  (HMj. 

Kcnamnr  on  digestioD,  5fi. 

KcduL-tioii  of  lcm[x:raturc,  3R4. 

RcHcx  actiuii,  2^0;  of  iji»cci:«,  G09. 

ReforroatioQ.  610,  G25. 

BegiBt«r«d  Lmpressions,  414. 

Registering  f(an(clta,  359;  ni:r\'c  arc,281, 262. 

Begisti}'  of  nouud**,  35H. 

Begnault  and  Kci^k:!  qii  reapiraliuD,  170. 

Repair,  nccBMily  of,  244. 

Reparation,  '23. 

Repuoul-ction  of  cclb,  494 ;  and  develop- 
ment, 505 ;  dojietf  dcveloiimeut,  513. 

Reptile  respiration,  158. 

Reiidual  air,  1 B5. 

Rkstiiutiox,  101,  IfiC,  1S7,  170,  171.  174; 
water  rcmorcd  br,  1(18 ;  gascii  of,  ItiS,  I G7, 
171,  I'G:  moremcMsiii,  IG;!;  movementci 
of  air  in,  103;  number  uftnovcmcnts,  162; 
Influence  of  nenona  agcDts  on,  173;  gea- 
crol  suiiciuont  uf,  174. 

I{e:t;iinitoTY  di;;c&tLOU,  (13. 

llc^tifonii  Wic^,  304. 

Resurrection  ofroKea,  034- 

IteTiXA, 390,392,394;  nniCtt)reof;S85,atH>; 
disturbnnco  O'f,  405. 

Retzius  on  JiUiiQuch,  61. 

ReynuMi  un  itiigar,  306. 

Rlinkotis,  G'2l. 

lihjlhinic  con  tractions,  448. 

Rigor  mortis,  452. 

Roman  coinii,  151. 

RmnftTi  cni]»ire.  (J22. 

]{uTatimi  of  animnlii,  324. 

Rudimentary  organs,  491. 

Rudimcntotr  Kiiund.H,  325. 

Riuiitbrd  oii'i-loihini;,  180. 

Ruminniit.  cloni&ch  of,  &9. 

Runcin^,  454. 

S. 

Sakbath  i»at,  027. 
Sahara,  l>os«rt  of,  475. 


Sn]adin,<>31. 

Sauva,  43;  ociion  of,  4C;  quantilT-  of,  44, 

47;  i»i)eci(ic  gravity  of,  44  ;  compojtitlun  of 

45 ;  ocliun  of,  in  Momoch,  id,  6U ;  aeration 

by,  47. 
Salivary  glands,  43. 
.^ialpjc,  537. 
Salt,  usv  uf,  G'2. 
Samoicdcs  5t>8. 
Snnkcy  on  brain,  32.'. 
Sap,  ascending,  b7,  132. 
SorL-uleuuua,  433»  438. 
Scnlit:  of  cur,  3C8. 
Schcrcr  on  nrino,  221. 
SchlqsHbcrpcr  on  brain,  274. 
Schmidt  on  aUmminatcs,  39 ;  on  Uood-cellx, 

119;  OD  piicuDiog»«trie,  54 ;  on  pepsin,  55  ; 

on  pancreatic  juice,  l>R;  on  iutcsUual  wa- 
ter, >43 ;  on  tranKiidation,  93. 
Schncidcrian  membrane,  424. 
Schultz  ou  mnsolo  jnice,  431. 
Schwann  on  ncncs,  201. 
Science,  cuntributiDOn  of  Asia  to,  GOG. 
Sclerotic,  384. 

Scot,  Reginald,  on  fipiHts,  407. 
Scott,  Walter,  on  lying,  404. 
Sebaceous  glands,  227. 
Secreted  mailers  pre-exist  in  blornl,  192, 19". 
Secretion,  189  ;  atructnres  for,  1 93  ;  by  boroiu 

membranes,  193;  by  iuucolu-,  190. 
Seeing.     1^  Viiion. 
•Segnin  on  cxhslntioD,  238. 
Selecting  power,  99. 
Scmicircuioj  canals,  3r>l,  304,374. 
ticDMilion  of  falling,  559. 
SeaM»,  359. 
Seasorium,  281,319. 
Seawryimn  of  cord,  30.1,320;  ofbrain,320; 

gang'lio,  282. 
Scmimciit  of  pre-existeDce,  331. 
SbKDta  lltiid»,  193. 
Scrolls  layer,  527. 
Serous  memlH'ane,  193. 
Ser[K;nis,  Icgn  of,  491. 
Scnini,  sidUi  of,  9C. 
Seventh  iiflir,  337. 
Sexcfl,  irortaliiy  of,  M*>. 
Shelter,  iniiicrfcciions  of,  181* 
Sight,  cerebral.  401. 
Silk-wonn,  489. 
SiU'er  InDu  iti  digestion,  55. 
Singing,  355. 
Single  vision,  395. 
Sisoelcii,  582. 
Sixth  pair,  334. 
Skeleton,  253,  S8a 
Skv(,  203 :  abwqition  \n%  24 1 ;  transpiration 

from,  18.'i,  237 ;  glands  of,  235 ;  cxudatiou 

of,  185,239. 
Skill)),  examination  of,  581 ;  forms  uf.  532; 

claiisillcation  of,  580;   effect  uf  heat  uu, 

590. 
Slack  on  circulatluu  In  celU,  183. 
Sleep,  551. 
Slow  rcHjiiratioD,  108. 
Smell,  423  ;  condition  of,  43S. 
SoBp-bubblo,  did'ueion  throagh,  158. 
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StM-inl  mcrhfliiir<,  flO*. 

Sulphur.  17, 23.  ST. 

StM'iL'lr  ijf  inM.<ct»,  (KH, 

Sunlitifat,  4.'>d ;  consamptioa  of,  439 ;  ttsca  <i. 

StMioktj!T,  comjiftmlive.  003. 

4(iC  ;  viiriarion  of.  4^. 

Nj<)iitni,  ^-hturijc  of,  H'J  ;  use  of,  77. 

Sspplcmcnial  air.  tCiV 

Sictiimcnni:  va  Ice,  ^^  <  *V^  *>ft  ^^>  3^> 

Sni'm-rcnal  capstJos.  '2H. 
SitimuiinK  Uaudcr,  157. 

Soil,  iii(Im.-iite  uf,  470. 

Solnr  plexui'.  3.>n. 

SvuFATHK-nc  flTSTKM,  344;  peculiar  fibei 

Sonirunnliuli^m.  557. 

of,  ZliU  ;    oripin  of,  3A& ;   connected  vilk 

ScAg  and  9|>ccch,  ili^iinciions  of,  3&S. 

«7>inftl,  S45;  eangUa  of,  34(i. 

boDL,  exitttCDCO  of,  28;! ;   independence  of, 

SiTuiiAthy  (lo|icnd«  on  rirculAttoB,  IIS. 
Synthetical  iniud  of  Asiatic,  S'J'J. 

2a5,fi48. 

SODND,  perulinntici)  of,  8(11 ;  tnalogy  of,  |o 

Syntonin,  438.                                               ^h 

light,  37:i;  nnioaUte,  tao. 

Systcuiic  circulatios,  1S4.                           ^^^| 

Spain,  colonial  cm|iire  of,  033. 

^M 

bjiaUdnzflDi  on  food,  ■!&. 

^M 

Speaking  machincf.  956. 

^1 

Sp«eleaort»luiu,479;  cbangeo  In,  480, 4S4. 
SpeeduftSd. 

TinpotR.  cNpenmenu  viiji,  489.              ^^H 

Tulkinn  binU,  :W£,                                        ^H 

S]«nnii(ic  fluid,  A17. 

Ta-xie,  427  ;  ncrvc«  of,  439.                           ^^| 

S]icnnjiifjzoa.  .'V17;  dc^xlopaicnt  of,  flld. 

Taurine.  204,  208.                                      ^H 

riiwrm-rcll,  nlG. 

Tcctb,  40;  dcTclopmcni  of,  S30.                 ^^V 

K)ilicrica]  altrmitinn.^fi. 

Tcleolivy.^l'*'-                                                       1 

^Iiliiiix  litiuairi,  il'J,  SWi,3\^ C07. 

TuMrKKATtiii;,  effect  of.  on  txnlv,  17T    flf^J 

S|iii(al  axi«,  'M\. 

skull,  5nU:  extremes,  178.                      MH 

&vtSAU  coau.2VH,2iMJ;  reflex  action  of.SOO; 

Tcndutit.  4.^.                                            ^^M 

^^^^             coni]ianitiic  niiiuninyof,  300;  dinsion»of. 

Tensor  tyiu)iiiin,  3CA.                                    ^^H 

^^^P             S^JG;  ct>nn»EiuD  uf.uitli  bnun,  ;H)2;  fanc- 

Tenib  pxir  uf  ncn-ca,  MO.                           ^^H 

^             |ion«  of,  30a. 

Teatiis  510;  itcrrvitiiti  of,  .'il7.                    ^^H 

SfiinuJ  ncnc*,  rootn  «>f,  8*13. 

Thaclunh  on  oltori  uf  want.  .'87.               ^^H 

Splrnck  of  inaect.  U7.  ^!t'£. 

Tbcnanl  on  I)cr5)iimi)i>n.  240.                   ^^H 
l'hirdpairornert-cs,333.                            ^^1 

Sl'irnl  Tcs^uls,  4tt^ 

Spifil,  '2\. 

Thomcic  duct,  IM).                                         ^^M 

t»pjru!.tre|itns,.'WI. 

Ticklinc.  422. 

h|.is«itu<lc  of  blood,  1G9,  190. 

Tidal  air.  I(>5. 

bpiuioi^  linbil  of,  47. 

Time,  iutrodnctkm  of,  into  ncmiiic  BMbft> 

SplMO,  »11. 

niim.  2«9.  2^7. 

Kimncioles,  87,  4C6. 

Tin,  trade  in,  i;iU. 

Spuntaneous  Kcmmaiion,  nSfl. 

TusOR,  ccllulBr,  4'.>7;  mnrifurnt,  4ti7  ;  fibres 

^initcs  in  introduction  i>f  air,  ICO. 

oeUolar,  497;  rnxciilsr.  41i!4;  yellow libnHU, 

Standards,  fixed  phj-siological,  18 ;  tabtoB  of, 

40ft;  white  f  brous,  41tV;  arebliir,  49P. 

ir>. 

Tongw,  428. 

Stnndinj*,  A'tS. 

Totx'N,  itnirture  of  orpnu  of,  4 1 7, 4 1 8 ;  <Kf|^^| 

.Sift|>LsiiiLt,  305. 

DCH  of,  420  :  in  antniaU,  421 ;  conoe^^^f 

Siaiih,  71. 

with  vision,  4I'J.                                     ^^^| 

Maniiiiiin,  182. 

Toariicfon  on  plants,  472.                           ^^^| 

.sirarinc,  S4(t. 

ToynLcv  on  ear,  3ii.*i.                                    ^^1 

StccnMrup  on  pencrntion,  {f97. 

TracUofupiixil  <<>nl.  303;  nfHrain,3I8. 

Sicnu,  duct  of,  43. 

Tradescaotia  \  ir^iuica,  circulatioQ  in,  132. 

Morctttoope,  397. 

Ttaditiott5,  5477. 

Slill  Inycr,  H». 

Trains  of  thought,  829. 

SroUACii,  41,  41};  iTpca  of,  49;  tompcrntnro 

TniniFvcrw  trauiimiwion  in  spinal  C0rd,8Ml 

■>f,  4:^;  rc^ionn  of,  (!0 ;   hialogcnciic  di(;c«- 

Tremblcy  t-ii  hydra,  &0I. 

^—^           tion  of,  G3 ;  btood-vcMwIa  of,  1U3  ;  niiicous 

Tri(^!miiii,  334. 

^^^V           Kurfoccof.  r>0,'>ij;  follicles  of,  £0;  liydroid 

Trisptiinchnic  nerre,  341. 

^^^V            nature  of,  51  ;  tritur»iiuu  by,  BH  ;  seero- 

Turnt^r  ou  Mniell,  427. 

^f                   lions  of,  4)4 ;  rariuuji  fumu  of^  SS  \  tuovo- 

Tweltlh  iHtir,  343.                                          ^^1 

H                     menlH  of,  53. 

TirtiiH,  similarity  of,  S09.                              ^^H 

H                 Slox-e.  wiirminin  hr,  tg|. 

'lympimnm,  SHii,  3l>a.                                 ^^H 

■                  Strorktrr  on  bile,  '-'04. 

lype,  ideal,  of  man,  &05,  CIL                      ^^| 

K                Striiitu'U  nitiM-iiliir  fihrc,  4.1R,  43f!. 

^^H 

H                  Stucco,  viidininiiftis  ihniii^b.  IU7,  152. 

^H 

H                8utMli«  ii(ioii8  inlliK'nci^l  by  heat,  7U. 

H               Bubjectivtt Dpeniiianii. 287;  imngea, 398. 

rxnvuut  VBiv¥.rrta.s,  SC3, 268.             ^^| 

H                 Hnbrnaxillar)-  saliva,  43. 

Universal  bbton*.  01 1.                               ^^H 

■                Suction,  act  of.  2*iH. 

ITn-n,  447.                                                         ^^ 

H                Sudoripnrou*  tflind*,  337,  238. 

Uki!(b,2I8;  compoAiiion  oC  S1!I:  urea  con-    1 

H                bulplioryaitidc  of  potassium,  43. 

tiutK*d  lu  If,  220  i  lilppttric  Bcid  In,  32£;     1 

INDEX. 
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TBriabtlity  of,  210;  sulphates  la,  220;  in- 
fluence u'f  diet  on,  320;  satine  matter  of, 
220. 

Uterine  nutrition,  525 ;  tubes,  526. 

Utricle,  41G. 

V. 

VAcnTM,  tendency  to  a,  in  respiration,  105. 
Valentin  on  dilTiision,  163;  on  pcnipiration, 

229  ;  on  food,  39. 
Valves  of  tlio  Iieort,  188 ;  sounds  of,  139. 
Val\*ula;  conniventea,  07. 
Variable  rcsultit  from  invariable  causes,  270, 

281. 
Variations  of  heat,  1 79 ;  effect  of,  on  man, 

180;  of  sjrecies  of  plants,  479. 
Vascular  area,  528  ;  lamina,  C28  ;  system, 

oripn  of,  C28. 
Vegetable  cells,  circulation  in,  132,  4GG. 
Veins,  absorption  by,  84,  143. 
Ventral  cord,  300,  807,  609. 
Ventricles,  138;  force  of,  139. 
Vcnturi,  principle  of,  90. 
Vermiform  oppcndix,  63. 
Vcmois,  table  from,  03. 
Vertebra,  528. 
Vertebral  canal,  294. 
Vertebrata,  294. 
Vertical  view  of  skull,  582. 
Vesicular  matter,  fwmposition  of,  274 ;  re- 
lations of,  315. 
Vestibule,  374. 

Vestiizes  of  nervous  imprefiRions,  269,  288. 
Vibration  of  sound,  time  measured  by,  872. 
Vicarious  action,  47, 190. 
Vierordt,  164. 
Villi,  84,  86,  87, 1 10 ;  cell*  of,  88 ;  action  of, 

110. 
Virchow  on  adipocire,  247. 
Vision,  379;  comparative  anatomy  of,  380; 

single  and  doable,  395;  inverse,  401. 
Visions,  404;  conditions  of,  410. 
Visual  hallucinations,  403. 
Vital  principle,  24,  25,  55, 108,  430. 
Vital  spark,  460. 
Vitreous  humor,  SS.*). 
Vocal  sounds,  352,  354. 
Voice,  351  ;  artificial  lai^nx,  355;  pitch  of, 

356. 


Volkmann  on  muscular  contraction,  276. 

Volume  of  contracting  muscle,  450. 

Volvox  globator,  518. 

Von  Bar,  law  of,  514. 

Von  Becker  on  carbobydrates,  89 ;  on  sugar, 

73. 
Vowels,  356. 

W. 

"Walkiso,  453. 

Wallace  on  eye,  385. 

Want,  effect  of,  587. 

Warmth,  artificial,  181 ;  increased  quantity 

required  in  sleep,  554. 
Wasmann  on  pepsin,  55. 
Wasp,  babits  of,  606. 
AVaaie  of  tissue,  12, 23,  52, 
Water,  uso  of,  16,  21,  22 ;  solvent  power  of, 

21  ;    uso  in  milk,  29 ;    absorption  of,  52 ; 

quantity  exhaled,  168 ;   cooling  effect  of, 

185;  ofblood,  121. 
Wave  in  blood,  141. 
Weaning  of  plants,  465. 
Weber  on  pelvis,  587  ;  on  quantity  of  bloott, 

113;  on  standing,  453. 
Weight  of  man,  13,  14,  541 ;  of  infants,  14. 
^VhaIe,49I. 
Wheatstone,  897. 
Whispering,  356. 
^Vhite  on  arm.  580. 
Wizan  on  duality  cf  mind,  329,  331. 
Willow,  469. 
Wilson  on  heart,  136. 
Wiiic-makiug,  78. 
Wol.Vian  bodies,  150,  583. 
Women  in  Asia  and  Kun>i>c,  503. 
Words,  origin  of,  85G. 
Worship,  public,  influence  of,  628. 
Writing,  338,  610,  615,  033. 

Z. 

ZiozAO  nppear&nco  of  muscle,  439. 
Zimmerman  on  respiration,  170. 
Zinc  acted  on  by  gastric  juice,  50. 
Zona  pcUucido,  523,  523. 
Zoospores,  496. 
Zygnema  quininum,  513. 


THE  END. 
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